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ABSTRACT: Proteolysis targeting chimeras (PROTACs) are heterobifunctional molecules that co-opt the cell’s natural pro-
teasomal degradation mechanisms to selectively tag and degrade undesired proteins. However, a challenge associated with 
PROTACs is the difficult optimisation required to identify new degraders, thus the development of high-throughput platforms 
for their synthesis and biological evaluation is required. In this study, we establish an ultra high-throughput experimentation 
(ultraHTE) platform for PROTAC synthesis, followed by direct addition of the crude reaction mixtures to cellular degradation 
assays without any purification. This ‘Direct-to-Biology’ (D2B) approach was validated, then exemplified in a medicinal chem-
istry campaign to identify novel BRD4 PROTACs from a BRD4-binding scaffold previously unexplored for targeted protein 
degradation. Using the D2B platform, the synthesis of over 600 PROTACs was carried out in a 1536-well plate and subsequent 
biological evaluation of these candidates was performed by a single scientist in less than one month, to identify a set of 
picomolar BRD4 degraders. Due to its ability to hugely accelerate the optimisation of new degraders, we anticipate our plat-
form to transform the synthesis and testing of PROTACs. 

INTRODUCTION 

Proteolysis Targeting Chimeras (PROTACs) are a rapidly 
evolving modality, currently sparking great excitement within 
the pharmaceutical industry. Since the first report of a PROTAC 
in 20011 to the present, 18 of these potential drugs are already 
in clinical evaluation2 for a range of different indications.3, 4 

PROTACs are made up of two distinct small-molecule bind-
ers, an E3 ubiquitin ligase ligand and protein-of-interest (POI) 
ligand, connected via a linker. By forming a ternary complex 
between the PROTAC, E3 ligase and POI, these proteins are 
brought into close proximity to each other, resulting in ubiqui-
tination of the POI. This tags the POI for targeted protein deg-
radation by the proteasome. 

One key advantage of PROTACs is the opportunity to target 
traditionally ‘undruggable’ targets via an event-based mecha-
nism of action (MoA) that co-opts the cell’s own protein degra-
dation machinery to degrade a specific POI.5 This event-based 
MoA additionally benefits from sub-stoichiometric quantities 
of drug being sufficient to degrade the target protein,6 as well 
as a disconnect between POI binder affinity and degradation 
extent due to the potential for ternary complex cooperativity, 
with examples of low-affinity ligands being incorporated into 
potent degraders.7 

However, the significantly larger and more complex struc-
tures of PROTACs, with Beyond Rule of 5 (bRo5) physicochem-
ical properties,8 leads to challenges in compound synthesis and 
purification. Additionally, slight changes to the structure can 
have a large impact on biological activity or physicochemical 
properties.9, 10 Despite initial efforts being made towards the 

rational design of new PROTACs,11, 12 an empirical approach is 
needed to identify hit and lead compounds. 

As such, new methods to accelerate the rate of PROTAC syn-
thesis and optimisation are required.13 Herein, we report a 
high-throughput chemistry platform for PROTAC synthesis and 
biological testing of crude compounds, completely eliminating 
the need for any purification – a method termed ‘Direct-to-Bi-
ology’ (D2B).14 This approach removes a key bottleneck in the 
optimisation process, delivering cellular degradation data in 
very short turnaround times. Ultimately, optimal use of the 
platform allows us to interrogate a wide section of chemical 
space for a given protein-of-interest in a single experiment. 

In 2015, Merck published an ultrahigh-throughput experi-
mentation (ultraHTE) approach,15 where a plate-based syn-
thetic platform and associated biochemical ASMS assays were 
integrated to accelerate the drug discovery process of kinase 
inhibitors. Inspired by this work, we sought to achieve the 
same throughput but extending biological evaluation to cell-
based assays in the context of targeted protein degradation. 
Janssen recently reported a platform to accelerate PROTAC 
synthesis with multistep amide coupling chemistry, only puri-
fied using cartridges, and highlighted how this could be used to 
assess crucial structure-activity relationships (SAR) in the 
PROTAC space.16 Whilst this approach is indeed much faster 
than iterative synthesis, purification was still required using 
this approach. Tang and co-workers have taken crude PROTAC-
containing reaction mixtures from acylhydrazone or 
phthalimidine formations into cell-based evaluation.17, 18 How-
ever, this chemistry is limited to reactions with no additional 
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reagents and water as the sole by-product, to form PROTACs 
with non-desirable physicochemical properties that require 
further optimisation and resynthesis of analogues with differ-
ent linking functionalities. As such, we propose an integrated 
approach which directly links PROTAC synthesis with biologi-
cal evaluation, using crude reaction mixtures for the facile SAR 
profiling of PROTAC candidates in a streamlined fashion 
(Figure 1). 

 

Figure 1: D2B platform developed for PROTAC synthesis and 
direct biological assay to deliver cellular degradation data for 
large libraries of compounds within two weeks of preparing 
the starting material stock solutions. Stock solutions are dosed 
onto a 384-well plate then a mosquito® liquid handling robot 
doses out the 1536-well reaction plate; an aliquot is taken for 
LCMS and results are analysed by PyParse19, 20; successful reac-
tions are taken to cellular assay without further purification; 
compounds of interest are resynthesised for further profiling 
and SAR informs the next iteration of compound design. 

Proof of concept and platform validation 

The primary goal in the development of the PROTAC D2B 
workflow was to incorporate automation at each step of the 
process. With the mosquito® liquid handling robot, we were 
able to select 1536-well plates for chemistry as microfluidic 
mixing eliminated the need to stir or shake the plate.15 Further-
more, miniaturisation to 5 µL reaction mixtures and only 150 
nmol of material would allow for the most efficient use of ad-
vanced chemical intermediates, and safer handling.21, 22  

For initial proof of concept work, a previous PROTAC design 
was used to benchmark the platform. This was a lapatinib-
based HER2 targeting PROTAC 1 and its inactive enantiomer 2 
reported by Crews et al.23 (Figure 2). An additional pair of 
PROTACs 3 and 4 where R = Me were added as controls, for ad-
ditional validation and potential improvements in potency.24 

 

Figure 2. Lapatinib-based HER2-targeting PROTAC reported 
by Crews et al23; compound chosen as a model system for de-
velopment of new amide coupling conditions for PROTAC D2B 
synthesis. R = H or methyl; reversal of VHL E3 ligase stereocen-
tres (marked as *) provides inactive control compounds. 

The linkage chemistry we chose to investigate for the prepa-
ration of PROTACs in a plate format was an amide coupling. For 
biological assessment, a HiBiT assay was selected to quantify 
protein degradation.25 This can be performed in 384-well plate 
format,26 and could be further integrated with the 1536-well 
plate chemistry workflow. A Cell-Titer-Glo (CTG) assay was 
used to assess cell viability; this was required to ensure that 
reagents involved in the reactions performed were not gener-
ating false positives due to cytotoxicity.  

Synthesis of the HER2-VHL PROTACs was utilised for the 
chemistry optimisation work, with reaction between the 
HER2-PEG acid 5 and a VHL amine (Scheme 1).  

Scheme 1: Optimisation of the nanoscale amide coupling reaction  

 

HER2 acid 5 was reacted with 4 VHL amines where R = H/Me with both active (as drawn) and inactive (stereocentres * reversed) 
enantiomers of the VHL ligand to give 4 HER2-targeting PROTACs 1, 2, 3 and 4. 
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First, seven common amide coupling reagents were evalu-
ated (EDC, DIC, HATU, TSTU, TCFH, PDCP and COMU) on 
PROTACs 1-4. High conversion to PROTAC was observed by 
LCMS with HATU and EDC (Table S1). When these reaction 
mixtures were assessed in the HER2 HiBiT assay, both HATU 
and EDC conditions gave a similar degradation profile to the 
control 1 (Figure 3a). However, HATU showed a dose-depend-
ent decrease in the cell viability (Figure 3b). As this could lead 
to misleading results in the degradation assay and give false 
positives, HATU was avoided and instead EDC was selected due 
to its high conversion to PROTAC by LCMS and absence of cy-
totoxicity by CTG when the PROTAC reaction mixtures were 
tested. During the optimisation phase of PROTAC synthesis, it 
was noticed that DIPEA was not miscible with DMSO in 5 µL 
reaction mixtures. Exchanging the base from DIPEA to NMM re-
sulted in homogenous reaction mixtures, and NMM showed no 
cytotoxicity by CTG assay (Figure S2). 
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Figure 3. Optimal exemplar reactions from the amide coupling 
reagent screen to prepare PROTACs 1 and 3 were assessed in 
the HiBiT and CTG assays; purified PROTACs and individual 
coupling reagents were added as controls; error bars indicate 
standard error over 3 technical replicates. 

When using these conditions with EDC, formation of a sus-
pected N-acylurea by-product was observed (Scheme S1), so to 
minimise this formation a range of additives were investigated 
to minimise this competing pathway (Table S2).27 HOAt, HOBt, 
NHS and OxymaPure were screened in the CTG assay, and 
whilst the benzotriazole reagents reduced cell viability, NHS 
and OxymaPure resulted in no cytotoxicity. OxymaPure was 
highly effective at increasing conversion so final conditions 
were chosen using EDC as the coupling reagent, NMM as the 
base and OxymaPure as the additive to reduce side-product 
formation.  

The selected conditions were then assessed with a range of 
relevant amines to investigate the robustness of the chemistry. 
High conversion (80-100%) to the desired PROTAC product 
was observed with primary, secondary, hindered and non-hin-
dered amines (Figure S1). The only challenging group found in 
assessing the scope was an aniline with  an amide group in the 
meta position, where only partial (30%) conversion was ob-
served, but para-chloroaniline was well tolerated with 90% 
conversion to the desired product.  

Once the chemistry conditions were in hand, a library of 
HER2 degrading PROTACs was designed using a 29 member li-
brary of E3 ligase-linker amines with HER2-targeting acids 5 
and 6, including the positive and negative controls reported by 
Crews et al. (Scheme 2). An aliquot of each reaction mixture 
was analysed by LCMS (Table S3) and reactions that showed 
full consumption of the limiting reagent were deemed to have 
sufficient PROTAC purity to progress to the degradation assay.

Scheme 2. Library synthesis of HER2-targeting PROTACs using optimised D2B conditions 

 

Optimisation of the amide coupling resulted in a final set of conditions, which were applied to acids 5 and 6 to generate a library 
of 58 lapatinib-based HER2 PROTACs.

The control PROTACs gave the expected degradation profiles 
and the in situ synthesised controls showed similar degrada-
tion and cytotoxicity profiles to the isolated samples (Figure 4a 
and c). A more pronounced hook effect was observed with the 
D2B positive control than the purified sample, which may be 
rationalised by the presence of excess binder competing with 
the PROTAC at higher concentrations. 

From the library, several novel HER2 PROTAC hits were 
identified: 5.2, 5.7, 6.2 and 6.7 (Figure 4b). Two of these were 
resynthesised (6.2 and 6.7) and mechanistic experiments were 
carried to confirm targeted degradation (Figure 4d-g).  

A proteasome-impaired degradation assay was run with the 
addition of epoxomicin to prove that an active proteasome is 
required to observe degradation upon addition of PROTAC. Re-
duction in HER2-HiBiT protein levels was not observed in the 
cells that had been treated with epoxomicin (Figure 4d-e). 
Next, competition experiments were conducted with addition 
of excess E3 ligase ligand; the addition of excess VHL binder 
prevented HER2-HiBiT degradation in a dose-dependent man-
ner, indicating that binding to VHL is essential for the PROTACs 
to induce degradation of the POI (Figure 4f-g). 

A) 

B) 
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Figure 4: a) Isolated and D2B samples for the previously reported PROTACs 1 and 2 showed comparable degradation profiles; b) 4 
novel HER2 PROTAC hits were identified from the library; c) None of the samples tested compromised cell viability in the CTG assay; 
d) to e) Degradation of HER2-HiBiT does not occur in the presence of 6.2 (d) or 6.7 (e) in combination with proteasome inhibitor 
epoxomicin, giving evidence that degradation is proteasome-mediated; f) to g) competition experiments with PROTAC 6.2 (f) and 
6.7 (g) with increasing concentrations of VHL ligand show that degradation requires binding to VHL; h) chemical structures of novel 
hits 6.2 and 6.7; error bars indicate standard error over 3 technical replicates. 

In summary, we established a nanoscale plate-based cou-
pling and biological evaluation platform for PROTAC profiling. 
Furthermore, novel HER2 PROTAC hits were identified and val-
idated, indicating that the platform could robustly identify new 
hits. The next goal was to apply this to a novel POI binder to 
perform a medicinal chemistry campaign using the D2B ap-
proach. 

Application of the platform to BRD4 

Next, we aimed to apply the platform in the identification of 
novel BRD4 PROTACs. Whilst compounds based on BRD4 
binder JQ1 are potent degraders,5 the JQ1 binder is highly lipo-
philic (ChromlogD7.4 = 7.3). We hypothesised that starting from 
I-BET469 7, a BRD4 BD1-selective binder developed in our la-
boratories with improved physicochemical properties (Chrom-
logD7.4 = 2.6),28 would result in  BRD4 PROTACs that have more 
desirable physicochemical properties. Furthermore, this com-
pound had not been used in a PROTAC previously.  

X-ray crystallography of I-BET469 7 was used to identify two 
solvent exposed regions, establishing potential exit vector sites 
from the benzimidazole-based BRD4 binder (Figure 5). Fur-
thermore, the morpholine ring projects through the ZA channel 
and its terminal oxygen does not make any interactions with 
BRD4, thus it was hypothesised that it could be replaced with-
out losing potency. The branched dimethoxypropane makes 
simultaneous contacts with the ZA loop and WPF shelf, but as 
this is a solvent exposed region and alternative substituents 
were also tolerated at this vector, we decided that these were 
good starting points for introduction of a PROTAC linker. Uti-
lising these two exit vectors, three carboxylic acid intermedi-
ates 8 – 10 were synthesised, from which a library of 186 
BRD4-targeting PROTACs (62 per vector) were made and 
tested via D2B amide coupling chemistry.  

PROTACs with the morpholine exit vector and the presence 
of the piperidine ring (i.e., vector 1a) gave a much higher hit 
rate than other vectors and were more potent degraders than 
PROTACs based on the other two scaffolds. The morpholine 
exit vector without the piperidine ring gave a lower hit rate, but 
many potent compounds were still identified. Vector 2 only 
gave a small number of degrader hits and many compounds 
tested were inactive, indicating that this exit vector does not 
tolerate as many groups as vector 1, and thus is not as suitable 
for PROTAC linkers. This highlights the ability of D2B to take a 
previously unexplored POI binder and scope out multiple exit 
vectors simultaneously to identify the most promising for fur-
ther optimisation.  

A) B) C) 

D) E) 

F) G) 

H) 
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Figure 5: X-ray crystallography of BRD4 POI Binder 7 identified 
two solvent exposed regions, from which three structural ana-
logues with PROTAC exit vectors were designed and synthe-
sised; PDB 6TPZ. 

Some of the most potent compounds did show a decreased 
cell viability of 20-30%, but the degradation observed in the 
HiBiT assay was significantly larger and thus the activity could 
be attributed to the PROTAC degradation capacity, as opposed 
to being cell viability related (Figure 7b). It was hypothesised 
that this drop in cell viability with only the most active 
PROTACs was in fact caused by the total loss of BRD4 protein 
at higher concentrations of PROTAC. 

As with the HER2 proof of concept work, 18 hits were resyn-
thesised and purified. All showed excellent correlation with the 
D2B data (Figure 6). This array demonstrated the platform’s 
utility to rapidly assess the suitability of a novel binder as a 
PROTAC warhead, as the synthesis of this D2B library was car-
ried out by one scientist within 72 hours and required less than 
10 mg of starting material. 

 

 

 

Figure 6. 18 BRD4 PROTACs were resynthesised and degrada-
tion data for the purified compounds showed excellent corre-
lation with D2B data. Mean of technical duplicates for the Dmax 
and absolute pDC50 are used; compounds with pDC50 > 9.7 or < 
4.7 are given this numerical value for the purposes of compar-
ison. 

Mechanistic investigations were carried out with vector 2 hit 
10.30 (see SI for results with 8.36 and 9.46) to confirm a pro-
teasome-mediated response was observed from the BRD4 
PROTACs. Repeating the epoxomicin experiment gave con-
sistent results to HER2 experiments, indicating that the BRD4-
HiBiT degradation is proteasome-mediated (Figure 7). Addi-
tion of excess E3 ligase binder (lenalidomide in this example) 
reduced degradation of the POI in a dose-dependent manner, 
although to a smaller extent than in the HER2 example. This 
was likely due to the PROTAC’s high potency; the target is de-
graded even when just a small fraction of the molecules bind to 
BRD4. This data, combined with the HER2 competition experi-
ments, indicates that a small excess of E3 ligase binder from in-
complete reaction conversion does not prevent the identifica-
tion of new hits by D2B, although for some targets the degra-
dation observed may be less than that of the purified sample if 
substantial quantities of E3 ligase binder are present. 

A) 

B) 
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Figure 7. Mechanistic experiments with PROTAC 10.30; a) 
competition with increasing concentrations of lenalidomide; b) 
addition of proteasome inhibitor epoxomicin; error bars indi-
cate standard error over 3 technical replicates. 

Once the ideal exit vector and some basic SAR was gained 
from these experiments, a much larger D2B experiment was 
designed. Starting from the bromobenzimidazole intermediate 
11 a small library of short linkers were installed at the exit vec-
tor from the bromobenzimidazole core via late-stage C(sp2)-
C(sp3) cross-coupling chemistry to give 12.1-12.8 (Scheme 3). 
It was envisioned that this linkage would not only provide a 
more rigid compound and favour formation of a productive ter-
nary complex, but also eliminate a metabolic hotspot at the 
POI-linker connection.29 The small library of BRD4-linker in-
termediates were rapidly purified by mass-directed auto puri-
fication (MDAP), then subjected to deprotection conditions to 
give 13.1-13.8, at which stage they were ready for D2B. 

Scheme 3: Synthesis of over 600 PROTACs in one D2B experiment 

 

Synthetic route to 605 novel BRD4 PROTACs, with a chemistry success rate of 87% in the D2B reaction; array synthesis was em-
ployed to synthesise the required intermediates for generation of a diverse library.

The D2B amide coupling chemistry between the POI amines 
and E3 ligase-linker acid library gave an excellent success rate 
of 87%, providing a library of over 600 compounds. At this 
point, the development of PyParse at GSK allowed for auto-
mated LCMS analysis.19, 20 Within minutes of inputting the raw 
LCMS file and a list of PROTACs, purities for the full library 
were automatically generated and the successful reaction mix-
tures could be diluted for biological assay. As with the HER2 
library, reaction mixtures with full consumption of the limiting 
reagent (in this case the POI-targeting amine) were progressed 
into the assay. The additional automation in the LCMS analysis 
step saved an estimated 6 hours of chemist’s time in what 
would otherwise be a manual assessment of nearly 700 reac-
tion mixtures. 

The compounds were tested by HiBiT, and a selection as-
sessed by CTG. Most of the compounds tested were highly po-
tent, with many pico- to nanomolar BRD4 degraders observed. 
Several PROTACs with picomolar activity were identified, but 
as seen in the initial scoping of SAR, these highly potent 

compounds did give a drop in cell viability at the highest con-
centration, indicating that if all HiBiT-BRD4 protein is removed 
from these cells, the cell viability is affected. However, these 
highly potent compounds (pDC50 > 10.77) degraded to the top 
limit of the concentration range in the assay, and are amongst 
the most potent BRD4 degraders reported in the literature.30, 31 

Some broad trends were identified within the library; 
PROTACs with cereblon and VHL-mediated degradation were 
observed to be active, but initial analysis of SAR showed that 
cereblon PROTACs were typically more potent than VHL. An 
optimal linker length of 12-15 atoms was observed, with par-
ticularly long or short linkers generally having a lower pDC50, 
although exceptions to this were seen. Both flexible linkers e.g., 
with PEG or carbon chains, and semi-constrained e.g. with sat-
urated heterocycles or aromatic groups, were tolerated. Given 
the size of the library, further analysis using computational 
methods will aid in the selection of top compounds to profile 
further. Compound resynthesis and investigation of drug-like 

A) 

B) 
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properties is under investigation and will be the subject of a fu-
ture publication. 

Figure 8: Platemap of compounds; heatmap coloured by pDC50 of tested compounds; assay pDC50 range was 6 to 10.77; N.T. repre-
sents compounds that were not tested in the HiBiT assay; platemap layout corresponds to LCMS conversion in Figure S3.

This experiment demonstrated the ability to explore a wide 
array of chemical space in a single data-rich experiment, which 
can inform future PROTAC design. Less than 0.1 mg was re-
quired for each PROTAC to be synthesised, meaning that for 
D2B with an 87 member E3 ligase-linker acid library, only 10 
mg of each intermediate was required. This highlights the value 
of directly testing nanoscale reactions in the assay, as com-
pound throughput has been increased approximately 100-fold. 
Furthermore, the full library including high-throughput array 
to generate the starting materials, D2B synthesis and com-
pound assay was carried out by a single chemist in a combined 
time of under a month. Compared to bespoke synthesis, this 
timeline is hugely accelerated - synthesis of over 600 similar 
PROTACs through singleton synthesis and small arrays could 
easily take a year or more with a multitude of chemists.  

Conclusion 

In summary, the D2B platform offers the opportunity to 
overcome the challenges in PROTAC optimisation and obtain 
large amounts of data for a medicinal chemistry campaign in 
just a few experiments. The huge resource savings of this ap-
proach can be integrated with computational chemistry to fur-
ther streamline PROTAC designs, ranging from new POI/E3 lig-
ase binders through to linkerology-based approaches. Ulti-
mately, the development of a bespoke PROTAC-specific plat-
form of automated and integrated workflows has accelerated 
and increased the throughput of PROTAC screening. 

Further work is currently ongoing to profile top hits from the 
BRD4 libraries and to expand the repertoire of D2B transfor-
mations for PROTAC synthesis. We anticipate these to be the 
topics of future disclosures. 

 

EXPERIMENTAL SECTION  

General Information 
Solvents and reagents were purchased from commercial 

suppliers and used as received. If not commercially available, 
compounds were prepared according to the literature unless 
stated otherwise. Reactions were carried out under nitrogen 
and stirred using a magnetic stirrer hotplate unless stated oth-
erwise. Reactions using the glovebox were carried out in an 
MBraun MB-200B glovebox with an inert N2 atmosphere. Auto-
mated column chromatography was performed using a 

Teledyne ISCO CombiFlash® Rf with premade RediSep® silica 
cartridges. 

Materials, Reagents and Analytical 

NMR spectra were recorded at ambient temperature using 
standard pulse methods on a Bruker AV-400 instrument at 400 
MHz, a Bruker AV4 at 700 MHz or a Bruker AVIIIHD at 600 
MHz. Chemical shifts (δ) are reported in parts per million 
(ppm). Peak assignments were chosen based on chemical 
shifts, integrations, and coupling constants, considering 2D 
analyses where necessary, or the following solvent peaks: 
CDCl3 (1H = 7.27 ppm), DMSO-d6 (1H = 2.50 ppm), CD3OD (1H = 
4.87 and 3.31 ppm) or DMF-d7 (1H = 8.03, 2.92 and 2.75 ppm). 
Coupling constants are quoted to the nearest 0.1 Hz and multi-
plicities are given by the following abbreviations and combina-
tions thereof: s (singlet), d (doublet), t (triplet), q (quartet), 
quin (quintet), sxt (sextet), m (multiplet), br. (broad). The pu-
rity of all biologically tested compounds was ≥95% as deter-
mined by LCMS UV traces except for 8.55 (93% purity), 9.51 
(92% purity), 9.55 (94% purity), 10.14 (92% purity), 10.35 
(88% purity), 10.55 (81% purity), 10.56 (87% purity) but 
these were deemed sufficient for comparison with the crude 
D2B samples. LCMS analysis was carried out on a Waters Ac-
quity UPLC instrument equipped with a BEH column (50 mm x 
2.2 mm, 1.7 μm packing diameter) and Waters micromass ZQ 
MS using alternate-scan positive and negative electrospray. An-
alytes were detected as a summed UV wavelength of 210 – 350 
nm. Two liquid phase methods were used:  

Formic – 40 °C, 1 mL/min flow rate. Gradient elution with the 
mobile phases as (A) water containing 0.1% (v/v) formic acid 
and (B) acetonitrile containing 0.1% formic acid. Gradient con-
ditions were initially 1% B, increasing linearly to 97% B over 
1.5 min, remaining at 97% for 0.1 min then increasing to 100% 
B over 0.1 min.  

High pH – 40 °C, 1 mL/min flow rate. Gradient elution with 
the mobile phases as (A) 10 Mm aqueous ammonium bicar-
bonate solution, adjusted to pH 10 with 0.88 M aqueous ammo-
nia and (B) acetonitrile. Gradient conditions were initially 1% 
B, increasing linearly to 97% B over 1.5 min, remaining at 97% 
B for 0.4 min then increasing to 100% B over 0.1 min. 

MDAP purification was performed on a Waters FractionLynx 
system comprising of a Waters 600 pump with extended pump 
heads, Waters 2700 autosampler, Waters 996 diode array and 
Gilson 202 fraction collector. HPLC separation was conducted 
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on a Xselect CSH C18 column (150 mm x 30 mm internal diam-
eter, 5 μm packing diameter) at ambient temperature, eluting 
with ammonium bicarbonate or formic acid aqueous solutions 
with acetonitrile using an appropriate elution gradient deter-
mined by LCMS analysis. Mass spectra were recorded on a Wa-
ters ZQ mass spectrometer using alternate-scan positive and 
negative electrospray ionisation with a 150-1000 amu scan 
range, 0.5 s scan time with an 0.2 s inter-scan delay. 

Biology Protocols 

HiBiT and CellTitre-Glo® assays 

Degradation of proteins of interest (POIs) in cells treated 
with PROTACs was quantified using the Nano-Glo® HiBiT Lytic 
Detection System (Promega) in 384 well assay plate format. 
Clonal cell lines were first established in which the gene was 
modified using CRISPR/Cas9 editing,  so the encoded protein 
included a HiBiT peptide tag. The HiBiT BRD4 cell line was HEK 
with N-terminal tag and the HER2 HiBIT cells were HeLa with 
C-terminal tag.  10 mM DMSO stock solutions of PROTACs were 
prepared and diluted across an 11 concentration, 3 fold incre-
ment range. Typically 25 nL or 50 nL was dispensed into a 
white opaque bottomed 384 well assay plate using an acoustic 
ECHO dispenser (Labcyte).  For assay, cells were detached from 
culture flasks using TrypLE Express enzyme and centrifuged at 
400g for 5 min. The cell pellet was resuspended in assay me-
dium (FluoroBriteTM DMEM supplemented with 10% heat inac-
tivated FBS, GlutaMAXTM , penicillin 50U/mL and streptomycin 
50ug/mL). Alternatively cryopreserved assay ready aliquots of 
cells were used which were prepared in advance and stored at 
-150 °C in 90% FBS/10% DMSO.  25 µL of cell suspension con-
taining 10,000 cells was dispensed into each well of the assay 
plate, which was then incubated for 18 h at 37 °C /5% 
CO2.  Control wells were included,  with assay medium without 
cells being the no POI remaining 100% effect control and cells 
treated with DMSO vehicle only,  the 0% effect control.  25 µL 
of Nano-Glo® HiBiT lysis buffer supplemented with LgBiT pro-
tein and Nano-Glo® substrate  was added to each well and the 
plate shaken at 500 rpm for 10 min at room temperature. Lu-
minescence intensity was measured using a PHERAstar micro-
plate reader (BMG Labtech) and the % POI remaining in each 
well calculated by normalizing the raw luminescence value to 
the above control wells. Parameters corresponding to the po-
tency and efficacy estimates of the PROTACs were obtained 
from these values using software (IDBS ActivityBase and 
GraphPad Prism). Two versions of the DC50, called relative DC50 
and absolute DC50 were typically generated corresponding to 
the inflection point of a fitted 4-parameter sigmoidal response 
curve and the interpolated concentration of PROTAC corre-
sponding to 50% of the protein degraded, respectively. The 
Dmax parameter was the maximum experimentally observed 
degradation. Proteasome block was achieved by pre-treat-
ing  cells with 1uM epoxomicin for 1 hour before assays. E3 lig-
ase ligand competition was done by including Lenalidomide S6 
or VHL binder S8 in the assay at the stated concentration. All 
cell culture items and the assay plates were from Thermofisher.  

The effects of PROTACs on cell viability were estimated by 
measuring cellular ATP levels using the CellTiter-Glo® Lumi-
nescent Cell Viability Assay (Promega).  ATP assays were typi-
cally conducted with HiBiT assays on a separate assay plate on 
the same day, following the same general procedure detailed 
above. 

 

Chemistry 

Optimisation of Reaction Conditions 

Stock solutions of reagents were prepared in DMSO and 
manually plated onto a 384-well source plate. The desired vol-
umes of each reagent were then transferred from the source 
plate into either 384- or 1536-well plates using the Mosquito 
Liquid Handler, sealed, and left to stand. An aliquot of each re-
action mixture was transferred to a 384-well plate, quenched 
with a solution of internal standard with acetic acid and ace-
tonitrile, then analysed by LCMS. A 3-fold incremental 11-point 
dilution series was prepared and the daughter plates were run 
in the HiBiT and CTG assays. 

An example of the reaction mixtures prepared during the 
chemistry optimisation is detailed in Table 1. 

Table 1. Example D2B optimisation experiment 

Reagent Eq. Stock solution 

Concentration 
(M) 

Volume dis-
pensed (µL) 

NHS ester 1.2 0.028 10.7 

VHL binder 1 0.023 10.8 

DIPEA 4 0.387 2.6 

HATU 1.2 0.237 1.3 

Sufficient DMSO was added to bring the total volume to 25 µL 

 

Direct-to-Biology Standard Protocol 

Direct-to-Biology reaction mixtures are dispensed into 
1536-well microtitre plates using a mosquito® Liquid Handler 
in the glovebox under inert N2 atmosphere. Reactions are car-
ried out in 5 μL DMSO at a concentration of 30 mM and are left 
overnight in a sealed plate without stirring or agitation. 

After 18 to 24 h, an aliquot of 0.5 μL of reaction mixture is 
taken and diluted with 39.5 μL of acetic acid in acetonitrile for 
LCMS analysis on 2 min Formic method. PROTAC purity is de-
termined by % area in the LCMS UV trace thus is not the same 
as conversion or product concentration. PyParse is used to au-
tomate the analysis process, with the raw data file input and 
spreadsheet of LCMS purity output. 

Compounds are diluted with DMSO and dispensed into col-
umns 1 and 13 of a 384-well assay plate, then a 3-fold incre-
mental 11-point dilution series of each reaction mixture is pre-
pared. Compounds are then tested in the relevant biological as-
say as crude reaction mixtures. A series of compounds from 
each D2B experiment are resynthesised with purification and 
full characterisation to validate biological assay results.  

The following reagents are used for the amide coupling 
transformation: 0.15 µmol of amine made up to 1.5 µL with 
DMSO per well (0.1 M, 1 eq.), 0.15 µmol of acid made up to 1.5 
µL with DMSO per well (0.1 M, 1 eq.), 0.225 µmol of EDC.HCl 
made up to 1.28 µL with DMSO per well (0.176 M, 1.5 eq.), 0.3 
µmol of OxymaPure made up to 0.589 µL with DMSO per well 
(0.509 M, 2 eq.), 131 nL neat NMM per well (8 eq./1.2 µmol). 

Synthesis of intermediates 

2-(4-(4-((3-Chloro-4-((3-fluorobenzyl)oxy)phenyl) 
amino)quinazolin-6-yl)phenoxy)acetic acid (6) 

A suspension of N-(3-chloro-4-((3-fluorobenzyl)oxy)phe-
nyl)-6-iodoquinazolin-4-amine (850 mg, 1.34 mmol) in a mix-
ture of 1,2-dimethoxyethane (7.7 mL) and ethanol (5.8 mL) was 
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evacuated under vacuum and purged with nitrogen (x3). Then, 
a 2 M aqueous solution of sodium carbonate (6.7 mL, 13.45 
mmol) was added and the reaction mixture was purged with 
nitrogen (x3). Tert-butyl 2-(4-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)phenoxy)acetate  (494 mg, 1.479 mmol) and 
Pd(PPh3)4 (117 mg, 0.101 mmol) were added to the reaction 
mixture and the resulting suspension was stirred overnight at 
80 °C. The reaction mixture was partitioned between ethyl ac-
etate (80 mL) and water (80 mL), the aqueous phase was back 
extracted with ethyl acetate (80 mL), the organics were com-
bined, washed with brine (80 mL), passed through a hydropho-
bic frit and concentrated under reduced pressure to afford the 
crude product (1.20 g). The crude tert-butyl 2-(4-(4-((3-
chloro-4-((3-fluorobenzyl) oxy)phenyl)amino)quinazolin-6-
yl)phenoxy)acetate (1.20 g, 1.54 mmol) was stirred in TFA 
(8.90 mL, 115 mmol) for 30 minutes at room temperature. The 
reaction mixture was concentrated under reduced pressure. 
The crude product was purified by reverse-phase column chro-
matography (30-85% acetonitrile-H2O + 0.1% formic acid 
modifier) and the appropriate fractions concentrated and 
freeze-dried over 72 h to afford the title product (326 mg, 0.560 
mmol, 36% yield over two steps) as a yellow solid. LCMS (For-
mic): Rt = 0.99 min, [M+H]+ 530.1, 100% purity. 1H NMR: (400 
MHz, DMF-d7) δ ppm 10.03 (s, 1 H), 8.78 (d, J = 1.4 Hz, 1 H), 8.66 
(s, 1 H), 8.30 (s, 1 H), 8.25 (d, J = 2.4 Hz, 1 H), 8.22 (dd, J = 8.8, 
1.7 Hz, 1 H), 7.88 - 7.95 (m, 2 H), 7.84 (br d, J = 8.5 Hz, 2 H), 7.53 
(td, J = 8.0, 5.8 Hz, 1 H), 7.39 - 7.46 (m, 3 H), 7.36 (d, J = 9.0 Hz, 
1 H), 7.22 (td, J = 8.3, 2.4 Hz, 1 H), 7.15 (s, 1 H), 5.33 - 5.38 (m, 
2 H), 4.85 (s, 2 H).  

BRD4 Intermediates 

1-(1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-5-
yl)piperidine-4-carboxylic acid (8) 

Tert-butyl 1-(1-(1,3-dimethoxypropan-2-yl)-2-(1,5-dime-
thyl-6-oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-5-
yl)piperidine-4-carboxylate (360 mg, 0.686 mmol) was dis-
solved in TFA (1.5 mL, 19.47 mmol) and stirred at room tem-
perature for 2 h. The solvent was dried under a stream of nitro-
gen and the crude purified by MDAP (TFA modifier) to afford 
the title product (360 mg, 0.691 mmol, 100% yield). LCMS (For-
mic): Rt = 0.53 min, [M+H]+ 469.2, 94% purity. 1H NMR: (400 
MHz, DMSO-d6) δ ppm 8.21 - 8.26 (m, 1 H), 7.99 (d, J = 9.3 Hz, 1 
H), 7.68 (dd, J = 2.7, 1.2 Hz, 1 H), 7.34 (m, 2 H), 4.98 (dt, J = 8.8, 
4.4 Hz, 1 H), 4.06 (dd, J = 10.5, 9.1 Hz, 2 H), 3.79 (dd, J = 10.8, 
4.4 Hz, 2 H), 3.67 - 3.74 (m, 2 H), 3.56 (s, 3 H), 3.19 (s, 6 H), 3.12 
(br d, J = 13.2 Hz, 2 H), 2.52 - 2.58 (m, 1 H), 2.11 (s, 3 H), 2.02 
(br d, J = 10.8 Hz, 2 H), 1.78 (br d, J = 10.8 Hz, 2 H).  

1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-oxo-
1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazole-5-car-
boxylic acid, lithium salt (9) 

Methyl 1-(1,3-dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazole-5-car-
boxylate (2.60 g, 6.51 mmol) was stirred in an aqueous solution 
of lithium hydroxide (65.1 mL, 130 mmol) at 60 °C for 4 h. The 
reaction mixture was partitioned between mildly acidic water 
(200 mL, acetic acid, pH 5) and DCM (200 mL). The aqueous 
phase was washed with DCM (200 mL) six further times, the 
organics combined and concentrated under reduced pressure 
to afford the title product (2.08 g, 5.30 mmol, 81% yield) as a 
white solid.  LCMS (Formic): Rt = 0.67 min, [M+H]+ 386.1, 100% 
purity. 1H NMR: (400 MHz, DMSO-d6) δ ppm 8.19 - 8.23 (m, 1 
H), 8.12 (d, J = 1.9 Hz, 1 H), 7.91 - 7.96 (m, 1 H), 7.83 - 7.88 (m, 

1 H), 7.66 - 7.72 (m, 1 H), 4.90 (dt, J = 9.0, 4.2 Hz, 1 H), 4.05 (dd, 
J = 10.2, 8.8 Hz, 2 H), 3.79 (dd, J = 10.5, 4.6 Hz, 2 H), 3.55 (s, 3 
H), 3.17 (s, 6 H), 2.10 (s, 3 H).  

2-(2-(1,5-Dimethyl-6-oxo-1,6-dihydropyridin-3-yl)-5-
morpholino-1H-benzo[d]imidazol-1-yl)acetic acid (10) 

A solution of tert-butyl 2-(2-(1,5-dimethyl-6-oxo-1,6-dihy-
dropyridin-3-yl)-5-morpholino-1H-benzo[d]imidazol-1-yl)ac-
etate (150 mg, 0.342 mmol) in neat TFA (1.00 mL, 13.6 mmol) 
was stirred at room temperature for 3 h. The reaction mixture 
concentrated under reduced pressure and purified by MDAP 
(Formic) to afford the title product (125 mg, 0.327 mmol, 96% 
yield). LCMS (Formic): Rt = 0.47 min, [M+H]+ 383.2, 100% pu-
rity. 1H NMR: (400 MHz, DMSO-d6) δ ppm 8.21 - 8.25 (m, 1 H), 
7.71 (d, J = 9.2 Hz, 1 H), 7.65 (dd, J = 2.4, 1.4 Hz, 1 H), 7.28 (dd, J 
= 9.2, 2.4 Hz, 1 H), 7.14 (d, J = 1.9 Hz, 1 H), 5.32 (s, 2 H), 3.77 - 
3.82 (m, 4 H), 3.55 (s, 3 H), 3.16 - 3.22 (m, 4 H), 2.10 (s, 3 H).  

Tert-butyl 1-(1-(1,3-dimethoxypropan-2-yl)-2-(1,5-di-
methyl-6-oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imid-
azol-5-yl)piperidine-4-carboxylate (14) 

5-(5-Bromo-1-(1,3-dimethoxypropan-2-yl)-1H-benzo[d]im-
idazol-2-yl)-1,3-dimethylpyridin-2(1H)-one (390 mg, 0.928 
mmol), DavePhos (18.26 mg, 0.046 mmol), tris(dibenzyli-
deneacetone)dipalladium(0) (42.5 mg, 0.046 mmol), tert-butyl 
piperidine-4-carboxylate, hydrochloride (411 mg, 1.85 mmol), 
and 2-methyltetrahydrofuran (4.6 mL) were combined in a dry 
reaction vial under nitrogen, and then a 2 M solution of sodium 
tert-butoxide in THF (1.4 mL, 2.78 mmol) was added. The mix-
ture was heated at 80 °C for 5 h. The reaction mixture was di-
luted with brine (200 mL) and extracted with ethyl acetate (2 
× 200 mL). The combined organics were dried and concen-
trated under reduced pressure to give a brown gum which was 
purified by normal phase column chromatography (0-10% 
methanol in DCM). The appropriate samples were combined 
and dried under reduced pressure to afford the title product 
(243 mg, 0.418 mmol, 45% yield) as a brown gum. LCMS (HpH): 
Rt = 1.18 min, [M+H]+ 525.3, 96% purity. 1H NMR: (400 MHz, 
methanol-d4) δ ppm 7.98 - 8.01 (m, 1 H), 7.75 (dd, J = 2.5, 0.9 
Hz, 1 H), 7.64 (d, J = 8.9 Hz, 1 H), 7.22 (d, J = 1.9 Hz, 1 H), 7.08 
(dd, J = 9.1, 2.2 Hz, 1 H), 4.82 - 4.87 (m, 1 H), 4.04 (dd, J = 10.1, 
9.1 Hz, 2 H), 3.80 (dd, J = 10.3, 4.4 Hz, 2 H), 3.65 (s, 3 H), 3.57 
(br d, J = 12.3 Hz, 2 H), 3.25 (s, 6 H), 2.78 (td, J = 11.8, 2.4 Hz, 2 
H), 2.33 - 2.41 (m, 1 H), 2.19 (s, 3 H), 2.01 (br dd, J = 13.3, 3.4 
Hz, 2 H), 1.78 - 1.90 (m, 2 H), 1.47 (s, 9 H).  

Methyl 4-((1,3-dimethoxypropan-2-yl)amino)-3-nitro-
benzoate (15) 

Methyl 4-fluoro-3-nitrobenzoate (2.0 g, 10.04 mmol) and 
1,3-dimethoxypropan-2-amine (1.55 g, 13.06 mmol) were dis-
solved in acetonitrile (13.4 mL), and potassium carbonate 
(2.08 g, 15.06 mmol) was added. The mixture was stirred at 
80 °C for 8 h, then the mixture was allowed to cool down to rt. 
The mixture was diluted with water (100 mL) and extracted 
with ethyl acetate (2 × 100 mL). The organic layer was washed 
with water (100 mL) and brine (100 mL), dried, and concen-
trated under reduced pressure to afford the title product 
(3.034 g, 9.36 mmol, 93% yield) as a red solid. LCMS (HpH): Rt 
=  1.13 min, [M+H]+ 299.1, 100% purity. 1H NMR: (400 MHz, 
DMSO-d6) δ ppm 8.62 (d, J = 1.9 Hz, 1 H), 8.54 (d, J = 8.5 Hz, 1 
H), 7.94 - 8.00 (m, 1 H), 7.28 (d, J = 9.3 Hz, 1 H), 4.22 (dt, J = 8.4, 
5.2 Hz, 1 H), 3.83 (s, 3 H), 3.50 - 3.58 (m, 4 H), 3.31 (s, 6 H). 
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Methyl 1-(1,3-dimethoxypropan-2-yl)-2-(1,5-dimethyl-
6-oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazole-5-
carboxylate (16) 

Methyl 4-((1,3-dimethoxypropan-2-yl)amino)-3-nitroben-
zoate (2.10 g, 6.48 mmol) was dissolved in ethanol (12 mL) 
with heating. 1,5-dimethyl-6-oxo-1,6-dihydropyridine-3-
carbaldehyde (1.07 g, 7.12 mmol) was added to the suspension, 
followed by water (6.00 mL) and sodium dithionite (3.44 g, 
16.1 mmol), and the mixture was heated at 90 °C for 18 h. The 
mixture was evaporated to approximately half its original vol-
ume, then diluted with water (200 mL), and extracted with 
ethyl acetate (200 mL) twice. The combined organics were 
washed with brine (200 mL), concentrated under reduced 
pressure and sonicated to afford the title product (1.79 g, 4.49 
mmol, 69% yield) as a white solid. LCMS (HpH): Rt = 0.9 min, 
[M+H]+ 400.2, 100% purity. 1H NMR: (400 MHz, DMSO-d6) δ 
ppm 8.19 - 8.25 (m, 1 H), 8.09 (d, J = 2.4 Hz, 1 H), 7.90 - 7.96 (m, 
1 H), 7.82 - 7.87 (m, 1 H), 7.66 - 7.71 (m, 1 H), 4.84 - 4.94 (m, 1 
H), 4.02 - 4.07 (m, 2 H), 3.88 (s, 3 H), 3.78 (dd, J = 10.5, 4.6 Hz, 
2 H), 3.55 (s, 3 H), 3.16 (s, 6 H), 2.10 (s, 3 H).  

Tert-butyl (4-bromo-2-nitrophenyl)glycinate (17) 

 4-Bromo-1-fluoro-2-nitrobenzene (0.700 ml, 5.68 mmol) 
and tert-butyl glycinate (969 mg, 7.39 mmol) were dissolved in 
acetonitrile (7.6 mL), and potassium carbonate (1.17 g, 8.52 
mmol) was added. The mixture was stirred at 80 °C for 8 h, then 
the mixture was allowed to cool down to rt. The mixture was 
diluted with water (100 mL) and extracted with ethyl acetate 
(2 × 100 mL). The organic layer was washed with brine (100 
mL), dried, and concentrated under reduced pressure to afford 
the title product (2.09 g, 5.68 mmol, 100% yield) as a red solid. 
LCMS (HpH): Rt =  1.39 min, [M+H]+ not observed, 98% purity. 
1H NMR: (400 MHz, DMSO-d6) δ ppm 8.37 (t, J = 5.6 Hz, 1 H), 
8.15 - 8.22 (m, 1 H), 7.67 (dd, J = 8.8, 2.4 Hz, 1 H), 6.90 (d, J = 8.8 
Hz, 1 H), 4.16 (d, J = 5.3 Hz, 2 H), 1.44 (s, 9 H). 

Tert-butyl 2-(5-bromo-2-(1,5-dimethyl-6-oxo-1,6-dihy-
dropyridin-3-yl)-1H-benzo[d]imidazol-1-yl)acetate (18)  

Tert-butyl (4-bromo-2-nitrophenyl)glycinate (2.00 g, 6.04 
mmol) was dissolved in ethanol (11.2 mL) with heating. 1,5-di-
methyl-6-oxo-1,6-dihydropyridine-3-carbaldehyde (1.00 g, 
6.64 mmol) was added to the suspension, followed by water 
(5.6 mL) and sodium dithionite (3.21 g, 15.1 mmol), and the 
mixture was heated at 90°C for 18 h. The reaction mixture was 
diluted in water (200 mL) and extracted with ethyl acetate (2 x 
200 mL). The combined organics were washed with brine (100 
mL) and concentrated under reduced pressure to afford the ti-
tle product (1.25 g, 2.90 mmol, 48% yield) as a white solid.  
LCMS (HpH): Rt = 1.14 min, [M+H]+ 432.1, 90% purity. 1H NMR: 
(400 MHz, DMSO-d6) δ ppm 8.07 (d, J = 2.4 Hz, 1 H), 7.83 (d, J = 
1.9 Hz, 1 H), 7.61 - 7.64 (m, 1 H), 7.58 (d, J = 8.3 Hz, 1 H), 7.42 
(dd, J = 8.5, 1.7 Hz, 1 H), 5.20 (s, 2 H), 3.54 (s, 3 H), 2.08 (s, 3 H), 
1.33 - 1.36 (m, 9 H). 

Tert-butyl 2-(2-(1,5-dimethyl-6-oxo-1,6-dihydropyridin 
-3-yl)-5-morpholino-1H-benzo[d]imidazol-1-yl)acetate 
(19) 

To a solution of tert-butyl 2-(5-bromo-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-1-yl)ace-
tate (100 mg, 0.231 mmol), RuPhos Pd G2 (17.9 mg, 0.023 
mmol) and morpholine (65.7 µL, 0.694 mmol) in toluene (1.2 
mL) was added cesium carbonate (226 mg, 0.694 mmol). The 
reaction vial was purged with nitrogen and stirred at 100 °C 
overnight. A second portion of RuPhos Pd G2 (17.97 mg, 0.023 

mmol) was added and the reaction stirred for 72 h at 100 °C. 
The reaction mixture was purified by MDAP (HpH) to afford the 
title product (22 mg, 0.050 mmol, 22% yield) as a white solid. 
LCMS (HpH): Rt = 0.94 min, [M+H]+ 439.3, 98% purity. 1H NMR: 
(400 MHz, DMSO-d6) δ ppm 7.99 - 8.02 (m, 1 H), 7.60 - 7.62 (m, 
1 H), 7.41 (d, J = 8.8 Hz, 1 H), 7.11 (d, J = 1.9 Hz, 1 H), 7.02 (dd, J 
= 8.8, 2.4 Hz, 1 H), 5.09 (s, 2 H), 3.72 - 3.80 (m, 4 H), 3.53 (s, 3 
H), 3.05 - 3.12 (m, 4 H), 2.08 (s, 3 H), 1.35 (s, 9 H).  

Large D2B library 

Boc protected materials were all prepared according to 
standard sp2-sp3 cross coupling procedure: To RuPhos Pd G3 
(30 mol%), aryl bromide 11 (1 eq.) and the relevant alkyl tri-
fluoroborate (1.4 eq.) in toluene (9 parts) was added tripotas-
sium phosphate (4 eq.). Water (1 part) was added and the re-
action mixture purged with nitrogen then heated to 100 °C for 
20 h. The reaction mixture was diluted with ethyl acetate and 
filtered then the solvent removed under a flow of nitrogen. The 
crude product was dissolved in 1:1 DMSO/methanol solution 
and purified by high pH MDAP. The relevant fractions were 
combined and concentrated in vacuo to give the products. 

 
R group Yield LCMS 1H NMR 

12.1 
 

20% LCMS: (2 
min high 
pH): tR = 

1.04 
min, 

[M+H]+ 
499.2 
(96% 

purity). 

 

1H NMR: (400 MHz, 
CDCl3) δ 7.88 (d, J = 2.4 
Hz, 1H), 7.71 – 7.69 (m, 
1H), 7.56 (d, J = 1.2 Hz, 
1H), 7.42 (d, J = 8.3 Hz, 
1H), 7.08 (dd, J = 8.3, 

1.7 Hz, 1H), 4.82 (tt, J = 
8.0, 5.0 Hz, 1H), 4.58 

(br s, 1H), 3.94 (dd, J = 
10.0, 8.1 Hz, 2H), 3.85 

(dd, J = 10.0, 5.1 Hz, 
2H), 3.62 (s, 3H), 3.28 
(s, 6H), 3.18 (q, J = 6.5 
Hz, 2H), 2.77 (t, J = 7.7 
Hz, 2H), 2.22 (s, 3H), 
1.91 – 1.83 (m, 2H), 

1.45 (s, 9H). 

12.2 
 

35% LCMS: (2 
min high 
pH): tR = 

0.99 
min, 

[M+H]+ 
485.2 

(100% 
purity). 

 

1H NMR: (400 MHz, 
CDCl3) δ 0.00 (d, J = 2.2 

Hz, 1H), 7.68 (dd, J = 
2.2, 1.2 Hz, 1H), 7.58 – 
7.52 (m, 1H), 7.44 (d, J 
= 8.3 Hz, 1H), 7.07 (br 

d, J = 8.1 Hz, 1H), 4.86 – 
4.75 (m, 1H), 4.67 (br s, 

1H), 3.98 – 3.89 (m, 
2H), 3.86 – 3.78 (m, 

2H), 3.59 (s, 3H), 3.45 – 
3.35 (m, 2H), 3.32 – 

3.21 (m, 6H), 2.89 (br t, 
J = 7.0 Hz, 2H), 2.19 (s, 

3H), 1.40 (s, 9H). 
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12.3 

 

51% LCMS: (2 
min high 
pH): tR = 

1.20 
min, 

[M+H]+ 
539.2 
(98% 

purity). 

 

1H NMR: (400 MHz, 
CDCl3) δ 7.87 – 7.81 (m, 

1H), 7.70 – 7.63 (m, 
1H), 7.51 – 7.46 (m, 
1H), 7.42 – 7.36 (m, 
1H), 7.02 – 6.95 (m, 
1H), 4.84 – 4.74 (m, 
1H), 4.11 – 3.97 (m, 
2H), 3.96 – 3.87 (m, 
2H), 3.85 – 3.77 (m, 
2H), 3.62 – 3.55 (m, 
3H), 3.29 – 3.21 (m, 
6H), 2.68 – 2.56 (m, 

4H), 2.17 (s, 3H), 1.73 – 
1.56 (m, 3H), 1.46 – 
1.37 (m, 9H), 1.23 – 

1.07 (m, 2H) 

12.4 

 

46% LCMS: (2 
min high 
pH): tR = 

1.17 
min, 

[M+H]+ 
569.2 

(100% 
purity). 

 

1H NMR: (400 MHz, 
CDCl3) δ 7.85 (d, J = 2.4 
Hz, 1H), 7.69 – 7.66 (m, 
2H), 7.47 (d, J = 8.3 Hz, 
1H), 7.21 (dd, J = 8.4, 

1.6 Hz, 1H), 4.85 – 4.77 
(m, 1H), 4.58 (s, 2H), 
4.11 – 4.00 (m, 2H), 

3.92 (dd, J = 9.8, 8.2 Hz, 
2H), 3.81 (dd, J = 9.8, 
4.9 Hz, 2H), 3.58 (s, 

3H), 3.31 (d, J = 6.1 Hz, 
2H), 3.24 (s, 6H), 2.66 
(br t, J = 12.2 Hz, 2H), 

2.18 (s, 3H), 1.81 – 1.67 
(m, 3H), 1.41 (s, 9H), 
1.12 (qd, J = 12.3, 4.3 

Hz, 2H) 

12.5 

 

18% LCMS: (2 
min high 
pH): tR = 

1.20 
min, 

[M+H]+ 
539.2 
(88% 

purity). 
Note: 
12% 

carba-
zole 
from 

RuPhos 
Pd G3. 

1H NMR: (400 MHz, 
CDCl3) δ 7.87 (d, J = 2.4 

Hz, 1H), 7.70 (dd, J = 
2.4, 1.2 Hz, 1H), 7.52 (d, 
J = 1.2 Hz, 1H), 7.41 (d, 

J = 8.3 Hz, 1H), 7.04 
(dd, J = 8.4, 1.6 Hz, 1H), 

4.85 – 4.77 (m, 1H), 
3.96 – 3.82 (m, 6H), 

3.60 (s, 3H), 3.27 (d, J = 
2.0 Hz, 6H), 2.83 – 2.73 
(m, 1H), 2.73 – 2.66 (m, 

1H), 2.61 – 2.47 (m, 
2H), 2.21 (s, 3H), 1.83 – 

1.74 (m, 2H), 1.67 – 
1.58 (m, 1H), 1.41 (s, 
10H), 1.21 – 1.10 (m, 

1H) 

12.6 

 

27% LCMS: (2 
min high 
pH): tR = 

1.05 
min, 

[M+H]+ 

540.2 
(100% 
purity). 

 

1H NMR: (400 MHz, 
CDCl3) δ 7.88 (d, J = 2.2 

Hz, 1H), 7.70 (dd, J = 
2.2, 1.2 Hz, 1H), 7.67 
(br s, 1H), 7.46 (d, J = 

8.3 Hz, 1H), 7.23 (dd, J 
= 8.3, 1.5 Hz, 1H), 4.87 

– 4.78 (m, 1H), 3.94 
(dd, J = 9.8, 8.1 Hz, 2H), 
3.84 (dd, J = 9.8, 4.9 Hz, 
2H), 3.62 (s, 2H), 3.61 
(s, 3H), 3.44 – 3.39 (m, 
4H), 3.27 (s, 6H), 2.42 
(br t, J = 4.9 Hz, 4H), 
2.20 (s, 3H), 1.44 (s, 

9H). 

12.7 

 

41% LCMS: (2 
min high 
pH): tR = 

1.08 
min, 

[M+H]+ 
511.2 
(87% 

purity). 

 

1H NMR: (400 MHz, 
CDCl3) δ 7.85 (d, J = 2.4 
Hz, 1H), 7.71 – 7.66 (m, 
1H), 7.50 (s, 1H), 7.42 
(d, J = 8.3 Hz, 1H), 7.02 
(dd, J = 8.3, 1.7 Hz, 1H), 

4.86 – 4.75 (m, 1H), 
3.98 (t, J = 8.3 Hz, 2H), 

3.92 (dd, J = 9.8, 8.1 Hz, 
2H), 3.82 (dd, J = 9.8, 

4.9 Hz, 2H), 3.67 (dd, J 
= 8.8, 5.4 Hz, 2H), 3.58 

(s, 3H), 3.25 (s, 6H), 
3.00 (d, J = 7.8 Hz, 2H), 

2.92 – 2.79 (m, 1H), 
2.19 (s, 3H), 1.41 (s, 

9H) 

12.8 

 

58% LCMS: (2 
min high 
pH): tR = 

1.11 
min, 

[M+H]+ 
525.2 
(84% 

purity). 

 

1H NMR: (400 MHz, 
CDCl3) δ 8.80 (br s, 1H), 
7.90 (d, J = 2.4 Hz, 1H), 
7.66 (s, 1H), 7.49 (d, J = 
8.3 Hz, 1H), 7.40 (d, J = 
8.3 Hz, 1H), 7.05 – 6.96 
(m, 1H), 5.01 – 4.82 (m, 

1H), 4.81 – 4.74 (m, 
1H), 3.91 (dd, J = 9.8, 

8.3 Hz, 2H), 3.79 (dd, J 
= 10.3, 4.9 Hz, 2H), 3.57 

(s, 3H), 3.22 (s, 6H), 
2.84 (d, J = 8.3 Hz, 1H), 
2.75 (d, J = 7.2 Hz, 1H), 

2.56 – 2.36 (m, 2H), 
2.24 – 2.09 (m, 5H), 
2.00 – 1.89 (m, 1H), 
1.58 – 1.47 (m, 1H), 
1.42 – 1.35 (m, 9H). 

Note: residual formic 
acid present 

 

All intermediates were subjected to Boc-deprotection using 
TFA (5 eq.) in DCM at room temperature until reaction was 
complete. Reaction mixtures were concentrated under a 
stream of nitrogen to give the amine products as TFA salts in 
quantitative yield. 

  R group LCMS 1H NMR 

13.1 
 

LCMS: (2 min 
high pH): tR = 

0.83 min, 
[M+H]+ 399.2 
(92% purity). 

Consistent with structure. 
See ELN85695 for full data 

write up 

13.2 
 

LCMS: (2 min 
high pH): tR = 

0.77 min, 
[M+H]+ 385.2 

(100% pu-
rity). 

1H NMR: (400 MHz, CDCl3) 
δ 8.55 (br s, 3H), 8.40 (br s, 
1H), 0.00 (d, J = 8.6 Hz, 1H), 
7.69 – 7.60 (m, 2H), 7.34 (d, 
J = 8.6 Hz, 1H), 4.89 (tt, J = 

8.2, 4.2 Hz, 1H), 4.01 (dd, J = 
10.1, 8.4 Hz, 2H), 3.84 (dd, J 
= 10.1, 4.2 Hz, 2H), 3.65 (s, 
3H), 3.34 (br s, 2H), 3.29 (s, 

6H), 3.18 – 3.10 (m, 2H), 
2.21 (s, 3H). 

13.3 

 

LCMS: (2 min 
high pH): tR = 

0.94 min, 
[M+H]+ 439.2 
(98% purity). 

1H NMR: (400 MHz, CDCl3) 
δ 9.39 (br d, J = 5.4 Hz, 1H), 
9.04 (br d, J = 5.4 Hz, 1H), 

8.31 (s, 1H), 7.73 – 7.68 (m, 
3H), 7.30 – 7.26 (m, 1H), 

5.00 – 4.90 (m, 1H), 4.08 – 
4.01 (m, 2H), 3.84 (dd, J = 
10.3, 3.9 Hz, 2H), 3.65 (s, 

3H), 3.39 (br d, J = 10.6 Hz, 
2H), 3.30 (s, 6H), 2.93 – 
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2.79 (m, 2H), 2.77 (br d, J = 
6.6 Hz, 2H), 2.21 (s, 3H), 
1.95 – 1.85 (m, 1H), 1.82 

(br d, J = 14.3 Hz, 2H), 1.68 
– 1.55 (m, 2H) 

13.4 

 

LCMS: (2 min 
high pH): tR = 

0.94 min, 
[M+H]+ 469.2 

(100% pu-
rity). 

1H NMR: (400 MHz, CDCl3) 
δ 9.56 (br s, 1H), 8.99 (br s, 

1H), 8.30 (br s, 1H), 8.03 
(br s, 1H), 7.79 – 7.69 (m, 
2H), 7.45 – 7.39 (m, 1H), 

5.03 – 4.89 (m, 1H), 4.65 (s, 
2H), 4.12 – 4.02 (m, 2H), 
3.89 – 3.80 (m, 2H), 3.64 
(br s, 3H), 3.54 – 3.36 (m, 
4H), 3.32 – 3.25 (m, 6H), 

3.05 – 2.87 (m, 2H), 2.20 (s, 
3H), 1.99 – 1.87 (m, 3H), 

1.85 – 1.69 (m, 2H) 

13.5 

 

LCMS: (2 min 
high pH): tR = 

0.96 min, 
[M+H]+ 439.2 
(94% purity). 

1H NMR (400 MHz, CDCl3) δ 
9.56 – 9.44 (m, 1H), 9.16 – 
9.01 (m, 1H), 8.30 (s, 1H), 
7.80 – 7.67 (m, 3H), 7.33 – 
7.28 (m, 1H), 4.95 (tt, J = 

8.6, 4.2 Hz, 1H), 4.05 (dd, J = 
10.1, 9.1 Hz, 2H), 3.84 (dd, J 
= 10.1, 3.9 Hz, 2H), 3.65 (s, 

3H), 3.38 – 3.25 (m, 8H), 
2.90 – 2.77 (m, 1H), 2.74 

(br d, J = 6.9 Hz, 2H), 2.69 – 
2.56 (m, 1H), 2.34 – 2.23 

(m, 1H), 2.21 (s, 3H), 1.92 – 
1.76 (m, 3H), 1.28 – 1.22 

(m, 1H) 

13.6 

 

LCMS: (2 min 
high pH): tR = 

0.79 min, 
[M+H]+ 440.2 
(89% purity). 

1H NMR (400 MHz, CDCl3) δ 
8.21 (br d, J = 2.0 Hz, 1H), 
8.02 (br s, 1H), 7.82 (d, J = 
8.6 Hz, 1H), 7.70 – 7.64 (m, 
1H), 7.57 (d, J = 8.6 Hz, 1H), 
4.95 (tt, J = 8.4, 4.1 Hz, 1H), 
4.34 – 4.20 (m, 2H), 4.09 – 
4.00 (m, 2H), 3.84 (dd, J = 
10.3, 3.9 Hz, 2H), 3.67 – 

3.60 (m, 3H), 3.55 – 3.44 
(m, 4H), 3.42 – 3.33 (m, 

4H), 3.30 (s, 6H), 2.20 (s, 
3H). Note: N-H not visible 

13.7 

 

LCMS: (2 min 
high pH): tR = 

0.83 min, 
[M+H]+ 441.2 

(100% pu-
rity). 

1H NMR (400 MHz, CDCl3) δ 
9.89 (br s, 2H), 8.26 (s, 1H), 
7.86 – 7.66 (m, 3H), 7.40 – 
7.29 (m, 1H), 5.05 – 4.83 
(m, 1H), 4.36 – 3.79 (m, 

9H), 3.66 (s, 3H), 3.29 (s, 
6H), 3.16 (br s, 2H), 2.21 (s, 

3H) 

13.8 

 

LCMS: (2 min 
high pH): tR = 

0.88 min, 
[M+H]+ 425.2 
(95% purity). 

1H NMR (400 MHz, CDCl3) δ 
8.52 – 8.32 (m, 3H), 8.28 – 
8.21 (m, 1H), 7.73 – 7.61 
(m, 3H), 7.31 – 7.23 (m, 
1H), 5.00 – 4.90 (m, 1H), 

4.10 – 4.01 (m, 2H), 3.98 (s, 
1H), 3.89 – 3.82 (m, 2H), 

3.62 (s, 3H), 3.34 – 3.26 (m, 
6H), 2.91 – 2.74 (m, 3H), 

2.41 – 2.29 (m, 2H), 2.20 – 
2.07 (m, 4H), 2.06 – 1.94 

(m, 1H) 

Amines were dissolved in methanol and passed through an 
SCX cartridge, eluting  with 4 M ammonia in methanol, then 
concentrating under a stream of nitrogen to give the free amine 
which was made up to a 0.1 M stock solution in DMSO for D2B 
amide coupling reaction with library of E3 ligase-linker inter-
mediates.  

Synthesis of purified PROTACs 
HER2 PROTACs 

(2S,4R)-1-((S)-2-(2-(2-(2-(4-(4-((3-Chloro-4-((3-fluoro-
benzyl)oxy)phenyl)amino) quinazolin-6-yl)phenoxy)eth-
oxy)ethoxy)acetamido)-3,3-dimethylbutanoyl)-4-hy-
droxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phe-
nyl)ethyl)pyrrolidine-2-carboxamide (3) 

A solution of tert-butyl 2-(2-(2-(4-(4-((3-chloro-4-((3-
fluorobenzyl)oxy)phenyl)amino) quinazolin-6-yl)phenoxy) 
ethoxy)ethoxy)acetate (40 mg, 0.059 mmol) in a mixture of 
TFA (1 mL) and DCM (0.5 mL) was stirred for 2h. The solvent 
was removed under reduced pressure and the crude product 
was used in the next step without further purification. To a so-
lution of the crude material and (2S,4R)-1-((S)-2-amino-3,3-di-
methylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (79 mg, 0.178 
mmol) in DMF (1.2 mL) was added HATU (45.1 mg, 0.119 
mmol) and DIPEA (51.8 µL, 0.297 mmol) and the resulting mix-
ture was stirred overnight at room temperature. The reaction 
mixture was diluted up in ethyl acetate (40 mL) and washed 
with 5% LiCl aqueous solution (4 x 40 mL), the organic phase 
was passed through a hydrophobic frit and concentrated under 
reduced pressure. The crude was purified by MDAP (HpH) to 
afford the title product (33 mg, 0.032 mmol, 53% yield) as a 
brown gum. LCMS (HpH): Rt = 1.43 min, [M+H]+ 1044.2, 100% 
purity. 1H NMR: (400 MHz, DMSO-d6) δ ppm 9.85 (s, 1 H), 8.96 
(s, 1 H), 8.75 (d, J = 1.9 Hz, 1 H), 8.57 (s, 1 H), 8.40 (d, J = 7.8 Hz, 
1 H), 8.16 (dd, J = 8.8, 1.9 Hz, 1 H), 8.02 (d, J = 2.4 Hz, 1 H), 7.78 
- 7.83 (m, 3 H), 7.74 - 7.78 (m, 1 H), 7.27 - 7.51 (m, 9 H), 7.16 - 
7.22 (m, 1 H), 7.11 - 7.15 (m, 2 H), 5.26 (s, 2 H), 5.12 (d, J = 3.9 
Hz, 1 H), 4.90 (s, 1 H), 4.57 (d, J = 9.3 Hz, 1 H), 4.46 (t, J = 8.1 Hz, 
1 H), 4.29 (br s, 1 H), 4.22 (t, J = 4.6 Hz, 2 H), 3.99 - 4.01 (m, 2 
H), 3.81 - 3.87 (m, 2 H), 3.65 - 3.71 (m, 4 H), 3.54 - 3.65 (m, 2 
H), 2.41 - 2.45 (m, 3 H), 2.00 - 2.11 (m, 1 H), 1.78 (ddd, J = 12.9, 
8.7, 4.4 Hz, 1 H), 1.33 (d, J = 6.8 Hz, 3 H), 0.95 (s, 9 H). 

(2R,4S)-1-((R)-2-(2-(2-(2-(4-(4-((3-Chloro-4-((3-fluoro-
benzyl)oxy)phenyl)amino) quinazolin-6-yl)phenoxy)eth-
oxy)ethoxy)acetamido)-3,3-dimethylbutanoyl)-4-hy-
droxy-N-((R)-1-(4-(4-methylthiazol-5-yl)phe-
nyl)ethyl)pyrrolidine-2-carboxamide (4) 

A solution of tert-butyl 2-(2-(2-(4-(4-((3-chloro-4-((3-
fluorobenzyl)oxy)phenyl)amino) quinazolin-6-yl)phenoxy) 
ethoxy)ethoxy)acetate (50 mg, 0.074 mmol) in a mixture of 
TFA (2 mL) and DCM (1 mL) was stirred for 2 h. The solvent 
was removed under reduced pressure and the crude product 
was used in the next step without further purification. To a so-
lution of the crude material and (2R,4S)-1-((R)-2-amino-3,3-di-
methylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (66 mg, 0.148 
mmol) in DMF (1 mL) was added HATU (56.4 mg, 0.148 mmol) 
and DIPEA (65.0 µL, 0.371 mmol) and the resulting mixture 
was stirred overnight at room temperature. The reaction mix-
ture was diluted in ethyl acetate (40 mL) and washed with 5% 
LiCl aqueous solution (4 x 40 mL), the organic phase was 
passed through a hydrophobic frit and concentrated under re-
duced pressure. The crude was purified by MDAP (HpH) to af-
ford the title product (51 mg, 0.049 mmol, 66% yield) as a 
brown gum. LCMS (HpH): Rt = 1.43 min, MH+ 1044, 100% pu-
rity. 1H NMR: (400 MHz, DMSO-d6) δ ppm 9.86 - 9.89 (m, 1 H), 
8.96 (s, 1 H), 8.75 (d, J = 1.4 Hz, 1 H), 8.57 (s, 1 H), 8.40 (d, J = 
7.8 Hz, 1 H), 8.16 (dd, J = 8.8, 1.9 Hz, 1 H), 8.02 (d, J = 2.4 Hz, 1 
H), 7.80 - 7.87 (m, 3 H), 7.76 (dd, J = 8.8, 2.4 Hz, 1 H), 7.41 - 7.51 
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(m, 2 H), 7.37 - 7.40 (m, 2 H), 7.27 - 7.35 (m, 5 H), 7.18 - 7.22 
(m, 1 H), 7.12 - 7.15 (m, 2 H), 5.26 (s, 2 H), 5.12 (d, J = 3.4 Hz, 1 
H), 4.90 (t, J = 7.3 Hz, 1 H), 4.57 (d, J = 9.8 Hz, 1 H), 4.46 (t, J = 
8.1 Hz, 1 H), 4.29 (br s, 1 H), 4.22 (t, J = 4.6 Hz, 2 H), 4.00 (s, 1 
H), 3.80 - 3.87 (m, 2 H), 3.57 - 3.73 (m, 6 H), 2.43 (s, 3 H), 2.02 - 
2.10 (m, 1 H), 1.78 (ddd, J = 13.0, 8.6, 4.9 Hz, 1 H), 1.33 (d, J = 
7.3 Hz, 3 H), 0.95 (s, 9 H).  

(2S,4R)-1-((S)-2-(2-(2-(2-(4-(4-((3-chloro-4-((3-fluoro-
benzyl)oxy)phenyl)amino) quinazolin-6-yl)phenoxy)acet-
amido)ethoxy)acetamido)-3,3-dimethylbutanoyl)-4-hy-
droxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl) 
pyrrolidine-2-carboxamide (6.2) 

A solution of 2-(4-(4-((3-chloro-4-((3-fluorobenzyl)oxy) 
phenyl)amino)quinazolin-6-yl)phenoxy) acetic acid (60.0 mg, 
0.113 mmol), (2S,4R)-1-((S)-2-(2-(2-aminoethoxy)acetam-
ido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methyl-
thiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (3.53) 
(74.0 mg, 0.136 mmol), EDC. HCl (32.6 mg, 0.170 mmol), Ox-
ymaPure (32 mg, 0.226 mmol) and NMM (100 µL, 0.906 mmol) 
in DMF (1.1 mL) was stirred at room temperature for 5 h. The 
reaction mixture was purified by MDAP (HpH) to afford the ti-
tle product (71 mg, 0.060 mmol, 53% yield) as a white solid. 
LCMS (HpH): Rt = 1.35 min, [M+2H]2+ 529.5, 98% purity. 1H 
NMR: (400 MHz, DMSO-d6) δ ppm 9.84 - 9.90 (m, 1 H), 8.97 (s, 
1 H), 8.75 (d, J = 1.4 Hz, 1 H), 8.58 (s, 1 H), 8.40 (d, J = 7.8 Hz, 1 
H), 8.27 (s, 1 H), 8.16 (dd, J = 8.8, 1.9 Hz, 1 H), 8.02 (d, J = 2.4 Hz, 
1 H), 7.81 - 7.89 (m, 3 H), 7.77 (dd, J = 9.0, 2.6 Hz, 1 H), 7.38 - 
7.51 (m, 4 H), 7.27 - 7.36 (m, 5 H), 7.16 (d, J = 8.8 Hz, 3 H), 5.26 
(s, 2 H), 5.12 (d, J = 3.4 Hz, 1 H), 4.89 (t, J = 7.0 Hz, 1 H), 4.61 (s, 
2 H), 4.57 (d, J = 9.2 Hz, 1 H), 4.46 (t, J = 8.0 Hz, 1 H), 4.29 (br s, 
1 H), 3.98 (d, J = 5.8 Hz, 2 H), 3.59 (dt, J = 9.5, 5.0 Hz, 4 H), 3.34 
- 3.44 (m, 2 H), 2.44 (s, 3 H), 1.98 - 2.10 (m, 1 H), 1.78 (s, 1 H), 
1.34 (d, J = 6.8 Hz, 3 H), 0.95 (s, 9 H).  

(2S,4R)-1-((S)-2-(Tert-butyl)-14-(4-(4-((3-chloro-4-((3-
fluorobenzyl)oxy)phenyl)amino) quinazolin-6-yl)phe-
noxy)-4,13-dioxo-6,9-dioxa-3,12-diazatetradecanoyl)-4-
hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl) 
pyrrolidine-2-carboxamide (6.7) 

A solution of 2-(4-(4-((3-chloro-4-((3-fluoroben-
zyl)oxy)phenyl)amino)quinazolin-6-yl)phenoxy)acetic acid 
(60 mg, 0.113 mmol), (2S,4R)-1-((S)-2-(2-(2-(2-aminoeth-
oxy)ethoxy)acetamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-
((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-
carboxamide (66.8 mg, 0.113 mmol), EDC.HCl (32.6 mg, 0.170 
mmol), OxymaPure (32 mg, 0.226 mmol) and NMM (92 mg, 
0.906 mmol) in DMF (1.1 mL) was stirred at room temperature 
for 5 h. The reaction mixture was purified by MDAP (HpH) to 
afford the title product (98 mg, 0.080 mmol, 71% yield) as a 
white solid. LCMS (Formic): Rt = 1.25 min, [M+2H]2+ 551.5, 99% 
purity. 1H NMR: (400 MHz, DMSO-d6) δ ppm 9.87 (s, 1 H), 8.96 
(s, 1 H), 8.74 (d, J = 1.4 Hz, 1 H), 8.57 (s, 1 H), 8.40 (d, J = 7.8 Hz, 
1 H), 8.12 - 8.19 (m, 2 H), 8.02 (d, J = 2.9 Hz, 1 H), 7.80 - 7.88 (m, 
3 H), 7.76 (dd, J = 9.05, 2.6 Hz, 1 H), 7.47 (td, J = 7.9, 6.1 Hz, 1 
H), 7.38 - 7.43 (m, 3 H), 7.27 - 7.36 (m, 5 H), 7.11 - 7.21 (m, 3 
H), 5.26 (s, 2 H), 5.13 (d, J = 3.4 Hz, 1 H), 4.89 (t, J = 7.3 Hz, 1 H), 
4.53 - 4.62 (m, 3 H), 4.46 (t, J = 8.0 Hz, 1 H), 4.29 (br s, 1 H), 3.97 
(s, 2 H), 3.55 - 3.66 (m, 6 H), 3.49 - 3.54 (m, 2 H), 3.33 - 3.41 (m, 
2 H), 2.44 (s, 3 H), 2.06 (br dd, J = 12.2, 8.3 Hz, 1 H), 1.78 (ddd, 
J = 12.8, 8.6, 4.4 Hz, 1 H), 1.35 (d, J = 6.8 Hz, 3 H), 0.90 - 0.98 (m, 
9 H). 

BRD4 PROTACs 

1-(1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-5-yl)-
N-(12-((2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-
yl)amino)-12-oxododecyl)piperidine-4-carboxamide 
(8.36) 

To a solution of 1-(1-(1,3-dimethoxypropan-2-yl)-2-(1,5-di-
methyl-6-oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-
5-yl)piperidine-4-carboxylic acid (50.0 mg, 0.107 mmol), 12-
amino-N-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-
yl)dodecanamide, hydrochloride (63.1 mg, 0.128 mmol) and 
HATU (101 mg, 0.267 mmol) in DMF (534 µL) was added 
DIPEA (55.9 µL, 0.320 mmol) and the reaction was stirred at 
room temperature for 3 h. The reaction was purified directly by 
MDAP (HpH) to afford the title product (38 mg, 0.041 mmol, 
38% yield) as a white solid. LCMS (HpH): Rt = 1.07 min, [M+H]+ 
907.5, 98% purity. 1H NMR: (400 MHz, DMSO-d6) δ ppm 9.74 
(s, 1 H), 7.97 - 8.00 (m, 1 H), 7.81 (dd, J = 6.8, 1.9 Hz, 1 H), 7.73 
(t, J = 5.3 Hz, 1 H), 7.64 (dd, J = 2.4, 0.9 Hz, 1 H), 7.59 (d, J = 8.8 
Hz, 1 H), 7.49 (d, J = 1.9 Hz, 1 H), 7.45 - 7.51 (m, 1 H), 7.09 (d, J 
= 1.9 Hz, 1 H), 6.94 (dd, J = 8.8, 2.4 Hz, 1 H), 5.14 (dd, J = 13.2, 
4.8 Hz, 1 H), 4.76 (dt, J = 8.8, 4.4 Hz, 1 H), 4.28 - 4.44 (m, 2 H), 
3.96 (dd, J = 10.2, 8.8 Hz, 2 H), 3.74 (dd, J = 10.5, 4.6 Hz, 2 H), 
3.61 (br d, J = 12.2 Hz, 2 H), 3.53 (s, 3 H), 3.16 (s, 6 H), 3.03 (br 
d, J = 6.3 Hz, 2 H), 2.92 (ddd, J = 17.3, 13.4, 5.3 Hz, 1 H), 2.55 - 
2.69 (m, 3 H), 2.35 (br t, J = 7.5 Hz, 3 H), 2.17 - 2.30 (m, 1 H), 
2.08 (s, 3 H), 1.99 - 2.06 (m, 1 H), 1.70 - 1.79 (m, 4 H), 1.56 - 1.65 
(m, 2 H), 1.35 - 1.43 (m, 2 H), 1.22 - 1.34 (m, 14 H).  

1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-oxo-
1,6-dihydropyridin-3-yl)-N-((S)-13-((2S,4R)-4-hydroxy-2-
(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl) 
pyrrolidine-1-carbonyl)-14,14-dimethyl-11-oxo-3,6,9-tri-
oxa-12-azapentadecyl)-1H-benzo[d]imidazole-5-carbox-
amide (9.46) 

To a solution of 1-(1,3-dimethoxypropan-2-yl)-2-(1,5-dime-
thyl-6-oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazole-5-
carboxylic acid (50 mg, 0.130 mmol), (2S,4R)-1-((S)-14-amino-
2-(tert-butyl)-4-oxo-6,9,12-trioxa-3-azatetradecanoyl)-4-hy-
droxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrroli-
dine-2-carboxamide, hydrochloride (104 mg, 0.156 mmol) and 
HATU (123 mg, 0.324 mmol) in DMF (649 µL) was added 
DIPEA (68.0 µL, 0.389 mmol) and the reaction was stirred at 
room temperature for 3 h. The reaction was purified directly by 
MDAP (HpH) to afford the title product (56 mg, 0.055 mmol, 
42% yield). LCMS (HpH): Rt = 0.96 min, [M+2H]2+ 501.4, 98% 
purity. 1H NMR: (400 MHz, DMSO-d6) δ ppm 8.97 (s, 1 H), 8.50 
(t, J = 5.6 Hz, 1 H), 8.39 - 8.44 (m, 1 H), 8.17 (d, J = 1.4 Hz, 1 H), 
8.07 (d, J = 1.9 Hz, 1 H), 7.85 (d, J = 8.3 Hz, 1 H), 7.76 (dd, J = 8.5, 
1.7 Hz, 1 H), 7.67 - 7.70 (m, 1 H), 7.40 - 7.46 (m, 2 H), 7.33 - 7.39 
(m, 3 H), 5.13 (br s, 1 H), 4.82 - 4.94 (m, 2 H), 4.55 (d, J = 9.7 Hz, 
1 H), 4.45 (s, 1 H), 4.29 (br s, 1 H), 4.02 (t, J = 9.5 Hz, 2 H), 3.95 
(s, 2 H), 3.77 (dd, J = 10.5, 4.6 Hz, 2 H), 3.56 - 3.62 (m, 11 H), 
3.54 (s, 3 H), 3.46 (br d, J = 5.8 Hz, 2 H), 3.15 (s, 6 H), 2.45 (s, 3 
H), 2.09 (s, 3 H), 2.03 (br d, J = 8.8 Hz, 1 H), 1.73 - 1.83 (m, 1 H), 
1.53 (s, 1 H), 1.34 - 1.40 (m, 3 H), 0.94 (s, 9 H).  

(2S,4R)-N-(2-(2-(2-(2-(4-((1-(1,3-Dimethoxypropan-2-
yl)-2-(1,5-dimethyl-6-oxo-1,6-dihy dropyridin-3-yl)-1H-
benzo[d]imidazol-5-yl)methyl)piperidin-1-yl)-2-oxoeth-
oxy)ethoxy) ethoxy)-4-(4-methylthiazol-5-yl)benzyl)-1-
((S)-2-(1-fluorocyclopropane-1-carboxamido)-3,3-dime-
thylbutanoyl)-4-hydroxypyrrolidine-2-carboxamide (20) 

To a solution of 2-(2-(2-(2-(((2S,4R)-1-((S)-2-(1-fluorocy-
clopropane-1-carboxamido)-3,3-dimethylbutanoyl)-4-
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hydroxypyrrolidine-2-carboxamido)methyl)-5-(4-methylthia-
zol-5-yl)phenoxy)ethoxy)ethoxy)acetic acid (36.0 mg, 53.05 
µmol) in DMF (442.1 µL) was added HATU (20.2 mg, 53.05 
µmol) and DIPEA (23.1 µL, 132.62 µmol), followed by 5-(1-(1,3-
dimethoxypropan-2-yl)-5-(piperidin-4-ylmethyl)-1H-benzo 
[d]imidazol-2-yl)-1,3-dimethylpyridin-2(1H)-one, hydrochlo-
ride (21 mg, 44.21 µmol) and the reaction mixture was stirred 
at room temperature for 22 h. The reaction mixture was diluted 
with 0.5 mL of DMF and purified by high pH MDAP to afford the 
title product (24 mg, 21 µmol, 48% yield) as a white solid. 
LCMS (HpH): Rt = 1.05 min, [M+H]+ 1099.6, 100% purity. 1H 
NMR: (CDCl3, 400 MHz) δ 8.67 (s, 1H), 7.88 (d, 1H, J = 2.6 Hz), 
7.71 - 7.68 (m, 1H), 7.51 (s, 1H), 7.43 (d, 1H, J = 8.3 Hz),  7.38 - 
7.32 (m, 2H), 7.08 (dd, 1H, J = 9.1, 3.4 Hz), 7.03 - 6.95 (m, 2H), 
6.91 - 6.89 (m, 1H), 4.87 - 4.79 (m, 1H), 4.68 - 4.61 (m, 1H), 4.59 
(d, 1H, J = 9.1 Hz), 4.54 - 4.45 (m, 4H), 4.28 - 4.16 (m, 4H), 3.99 
- 3.88 (m, 5H), 3.85 (dd, 2H, J = 9.8, 4.9 Hz), 3.82 - 3.71 (m, 5H), 
3.70 - 3.64 (m, 1H), 3.62 (s, 3H), 3.29 (s, 6H), 2.97 - 2.87 (m, 1H), 
2.69 - 2.63 (m, 2H), 2.52 (s, 4H), 2.37 - 2.25 (m, 1H), 2.22 (s, 3H), 
2.15 (br dd, 1H, J = 13.3, 8.2 Hz), 1.88 - 1.78 (m, 2H), 1.73 (br d, 
2H, J = 13.9 Hz), 1.36 - 1.14 (m, 6H), 0.98 (s, 9H). 

Three other hits synthesised (21, 22 and 23); structures not 
disclosed. Included for comparison of D2B and purified data, 
see Figure 6. 

Standard amide coupling procedure 

To a solution of carboxylic acid (10 mg, 1 eq.) in DMSO (0.3 
mL) was added amine (1.5 eq.), EDC.HCl (1.5 eq.), OxymaPure 
(2 eq.), and NMM (8 eq). The reaction mixture was stirred at 
room temperature for 18 h. The reaction mixtures were di-
rectly purified by high pH MDAP to obtain the desired PROTAC 
products. 

1-(1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-5-yl)-
N-(6-(((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methyl-
thiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-
3,3-dimethyl-1-oxobutan-2-yl)amino)-6-oxohexyl)piperi-
dine-4-carboxamide (8.8) 

LCMS (Formic): Rt = 0.76 min, [M+2H]2+ 505.1, 100% purity. 
1H NMR: (600 MHz, DMSO-d6) δ 8.98 (s, 1H), 8.36 (d, J = 7.7 Hz, 
1H), 7.99 (s, 1H), 7.80 - 7.73 (m, 2H), 7.64 (s, 1H), 7.60 (d, J = 
8.8 Hz, 1H), 7.43 (d, J = 7.7 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.09 
(s, 1H), 6.95 (dd, J = 1.7, 9.0 Hz, 1H), 5.10 (d, J = 3.3 Hz, 1H), 4.97 
- 4.86 (m, 1H), 4.80 - 4.72 (m, 1H), 4.52 (d, J = 9.2 Hz, 1H), 4.43 
(t, J = 7.9 Hz, 1H), 4.32 - 4.25 (m, 1H), 3.96 (t, J = 9.5 Hz, 2H), 
3.74 (dd, J = 4.4, 10.3 Hz, 2H), 3.66 - 3.56 (m, 4H), 3.53 (s, 3H), 
3.16 (s, 6H), 3.06 - 2.99 (m, 2H), 2.68 - 2.59 (m, 2H), 2.45 (s, 3H), 
2.28 - 2.18 (m, 2H), 2.16 - 2.09 (m, 1H), 2.08 (s, 3H), 2.04 - 1.97 
(m, 1H), 1.84 - 1.68 (m, 5H), 1.55 - 1.39 (m, 4H), 1.37 (d, J = 7.0 
Hz, 3H), 1.29 - 1.19 (m, 2H), 0.94 (s, 9H). 

1-(1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-5-yl)-
N-(16-(2-(((2S,4R)-1-((S)-2-(1-fluorocyclopropane-1-car-
boxamido)-3,3-dimethylbutanoyl)-4-hydroxypyrrolidine-
2-carboxamido)methyl)-5-(4-methylthiazol-5-yl)phe-
noxy)hexadecyl)piperidine-4-carboxamide (8.9) 

LCMS (Formic): Rt = 1.27 min, [M+2H]2+ 612.3, 100% purity. 
1H NMR: (600 MHz, DMSO-d6) δ 8.97 (s, 1H), 8.47 (t, J = 5.9 Hz, 
1H), 7.99 (d, J = 1.5 Hz, 1H), 7.74 (t, J = 5.5 Hz, 1H), 7.66 - 7.63 
(m, 1H), 7.60 (d, J = 8.8 Hz, 1H), 7.39 (d, J = 7.7 Hz, 1H), 7.30 - 
7.26 (m, 1H), 7.08 (d, J = 1.8 Hz, 1H), 6.99 (s, 1H), 6.97 - 6.91 (m, 
2H), 5.17 (d, J = 3.7 Hz, 1H), 4.79 - 4.73 (m, 1H), 4.59 (d, J = 9.2 

Hz, 1H), 4.51 (t, J = 8.1 Hz, 1H), 4.38 - 4.33 (m, 1H), 4.28 (dd, J = 
5.6, 16.2 Hz, 1H), 4.20 (dd, J = 5.6, 16.2 Hz, 1H), 4.03 (t, J = 6.2 
Hz, 2H), 3.96 (t, J = 10.5 Hz, 2H), 3.74 (dd, J = 4.6, 10.5 Hz, 2H), 
3.67 - 3.58 (m, 4H), 3.53 (s, 3H), 3.16 (s, 6H), 3.03 (dd, J = 6.8, 
13.0 Hz, 2H), 2.67 - 2.59 (m, 2H), 2.45 (s, 3H), 2.26 - 2.18 (m, 
1H), 2.11 - 2.05 (m, 4H), 1.97 - 1.88 (m, 1H), 1.80 - 1.67 (m, 6H), 
1.49 - 1.19 (m, 30H), 0.95 (s, 9H). One exchangeable proton not 
observed. 

1-(1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-5-yl)-
N-(12-(2-(((2S,4R)-4-hydroxy-1-((S)-3-methyl-2-(1-ox-
oisoindolin-2-yl)butanoyl)pyrrolidine-2-carboxam-
ido)methyl)-5-(4-methylthiazol-5-yl)phenoxy)dodecyl)-
N-methylpiperidine-4-carboxamide (8.14) 

LCMS (Formic): Rt = 1.10 min, [M+2H]2+ 599.3, 97% purity. 
1H NMR: (600 MHz, DMSO-d6) δ 8.97 (s, 1H), 8.38 - 8.32 (m, 1H), 
7.99 (s, 1H), 7.71 (d, J = 7.3 Hz, 1H), 7.66 - 7.57 (m, 4H), 7.52 - 
7.47 (m, 1H), 7.33 (d, J = 7.3 Hz, 1H), 7.08 (s, 1H), 7.02 - 6.92 (m, 
3H), 5.09 (d, J = 3.3 Hz, 1H), 4.78 - 4.73 (m, 1H), 4.71 (d, J = 10.3 
Hz, 1H), 4.54 (d, J = 17.9 Hz, 1H), 4.45 (d, J = 17.9 Hz, 1H), 4.42 
- 4.38 (m, 1H), 4.36 - 4.18 (m, 3H), 4.08 - 4.01 (m, 2H), 3.98 - 
3.93 (m, 2H), 3.80 - 3.65 (m, 4H), 3.62 (d, J = 11.7 Hz, 2H), 3.52 
(d, J = 4.0 Hz, 3H), 3.29 - 3.23 (m, 2H), 3.18 - 3.13 (m, 6H), 3.01 
(s, 1.5H), 2.79 (s, 1.5 H), 2.74 - 2.64 (m, 3H), 2.47 - 2.45 (m, 3H), 
2.36 - 2.29 (m, 1H), 2.09 - 2.00 (m, 4H), 1.95 - 1.89 (m, 1H), 1.81 
- 1.65 (m, 6H), 1.55 - 1.13 (m, 18H), 0.98 - 0.93 (m, 3H), 0.75 - 
0.71 (m, 3H). 

1-(1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-5-yl)-
N-(12-(((S)-1-((2S,4R)-4-hydroxy-2-((4-(4-methylthiazol-
5-yl)benzyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-
oxobutan-2-yl)amino)-12-oxododecyl)-N-methylpiperi-
dine-4-carboxamide (8.38)  

LCMS (Formic): Rt = 0.95 min, [(M+H)]2+ 547.2, 100% purity. 
1H NMR: (600 MHz, DMSO-d6) δ 8.98 (s, 1H), 8.59 - 8.52 (m, 1H), 
8.01 (s, 1H), 7.83 (d, J = 9.2 Hz, 1H), 7.66 (s, 1H), 7.61 (d, J = 9.2 
Hz, 1H), 7.46 - 7.35 (m, 4H), 7.09 (d, J = 2.0, 1H), 6.96 (dd, J = 
2.0, 9.0 Hz, 1H), 5.12 (d, J = 3.7 Hz, 1H), 4.81 - 4.72 (m, 1H), 4.55 
(d, J = 9.2 Hz, 1H), 4.46 - 4.41 (m, 2H), 4.35 (s, 1H), 4.22 (dd, J = 
5.3, 15.6 Hz, 1H), 3.97 (t, J = 9.5 Hz, 2H), 3.75 (dd, J = 4.8, 10.3 
Hz, 2H), 3.70 - 3.60 (m, 4H), 3.54 (s, 3H), 3.27 (t, J = 7.2 Hz, 1H), 
3.17 (s, 6H), 3.03 (s, 1.5H), 2.80 (s, 1.5H), 2.75 - 2.67 (m, 3H), 
2.45 (s, 3H), 2.29 - 2.23 (m, 1H), 2.13 - 2.10 (m, 1H), 2.09 (s, 3H), 
2.05 - 2.01 (m, 1H), 1.94 - 1.89 (m, 1H), 1.82 - 1.65 (m, 4H), 1.56 
- 1.40 (m, 4H), 1.32 - 1.18 (m, 15H), 0.94 (s, 9H). 

1-(1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-5-yl)-
N-(8-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
yl)oxy)octyl)piperidine-4-carboxamide (8.55) 

LCMS (Formic): Rt = 0.81 min, [M+H]+ 852.6, 93% purity. 1H 
NMR: (600 MHz, DMSO-d6) δ 11.07 (s, 1H), 7.99 (s, 1H), 7.80 (t, 
J = 7.9 Hz, 1H), 7.75 (t, J = 5.3 Hz, 1H), 7.64 (s, 1H), 7.60 (d, J = 
8.8 Hz, 1H), 7.51 (d, J = 8.8 Hz, 1H), 7.43 (d, J = 7.3 Hz, 1H), 7.08 
(s, 1H), 6.95 - 6.92 (m, 1H), 5.08 (dd, J = 5.5, 12.8 Hz, 1H), 4.80 
- 4.70 (m, 1H), 4.20 (t, J = 6.4 Hz, 2H), 3.96 (t, J = 9.5 Hz, 2H), 
3.74 (dd, J = 4.4, 10.3 Hz, 2H), 3.61 (d, J = 12.1 Hz, 2H), 3.53 (s, 
3H), 3.16 (s, 6H), 3.07 - 3.01 (m, 2H), 2.93 - 2.82 (m, 1H), 2.66 - 
2.52 (m, 4H), 2.26 - 2.17 (m, 1H), 2.08 (s, 3H), 2.06 - 1.98 (m, 
1H), 1.79 - 1.68 (m, 6H), 1.50 - 1.22 (m, 10H). 

1-(1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-
oxo-1,6-dihydropyridin-3-yl)-1H-benzo[d]imidazol-5-yl)-
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N-(9-(((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-methyl-
thiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-
3,3-dimethyl-1-oxobutan-2-yl)amino)-9-oxononyl)piperi-
dine-4-carboxamide (8.61)  

LCMS (Formic): Rt = 0.84 min, [M+2H]2+ 526.2, 100% purity. 
1H NMR: (600 MHz, DMSO-d6) δ 8.98 (s, 1H), 8.37 (d, J = 7.7 Hz, 
1H), 8.00 (s, 1H), 7.79 - 7.74 (m, 2H), 7.65 (s, 1H), 7.61 (d, J = 
8.4 Hz, 1H), 7.45 - 7.42 (m, J = 8.4 Hz, 2H), 7.41 - 7.36 (m, J = 8.1 
Hz, 2H), 7.10 (s, 1H), 6.95 (d, J = 7.3 Hz, 1H), 5.10 (d, J = 3.3 Hz, 
1H), 4.97 - 4.87 (m, 1H), 4.80 - 4.73 (m, 1H), 4.53 (d, J = 9.2 Hz, 
1H), 4.43 (t, J = 7.9 Hz, 1H), 4.33 - 4.25 (m, 1H), 3.97 (t, J = 9.5 
Hz, 2H), 3.75 (dd, J = 4.4, 10.3 Hz, 2H), 3.67 - 3.57 (m, 4H), 3.54 
(s, 3H), 3.17 (s, 6H), 3.08 - 3.00 (m, 2H), 2.70 - 2.60 (m, 2H), 2.46 
(s, 3H), 2.30 - 2.20 (m, 2H), 2.17 - 2.11 (m, 1H), 2.09 (s, 3H), 2.06 
- 1.97 (m, 1H), 1.84 - 1.69 (m, 5H), 1.56 - 1.35 (m, 6H), 1.30 - 
1.19 (m, 9H), 0.95 (s, 9H). 

1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-oxo-
1,6-dihydropyridin-3-yl)-N-(17-(2-(((2S,4R)-1-((S)-2-(1-
fluorocyclopropane-1-carboxamido)-3,3-dimethylbuta-
noyl)-4-hydroxypyrrolidine-2-carboxamido)methyl)-5-
(4-methylthiazol-5-yl)phenoxy)-3,6,9,12,15-pentaoxa-
heptadecyl)-1H-benzo[d]imidazole-5-carboxamide (9.1) 

LCMS (Formic): Rt = 0.92 min, [M+2H]2+ 582.6, 100% purity. 
1H NMR (600 MHz, DMSO-d6) δ 8.98 (s, 1H), 8.56 – 8.44 (m, 2H), 
8.17 (br s, 1H), 8.07 (br s, 1H), 7.86 (d, J = 8.8 Hz, 1H), 7.76 (br 
d, J = 8.8 Hz, 1H), 7.69 (br s, 1H), 7.41 (br d, J = 7.7 Hz, 1H), 7.29 
(br d, J = 8.8 Hz, 1H), 7.04 (br s, 1H), 6.97 (br d, J = 7.7 Hz, 1H), 
5.18 (br d, J = 3.3 Hz, 1H), 4.92 – 4.80 (m, 1H), 4.60 (br d, J = 9.5 
Hz, 1H), 4.52 (t, J = 7.7 Hz, 1H), 4.36 (br s, 1H), 4.34 – 4.27 (m, 
1H), 4.26 – 4.14 (m, 3H), 4.14 – 4.07 (m, 1H), 4.06 – 4.00 (m, 
2H), 3.82 – 3.73 (m, 4H), 3.71 – 3.58 (m, 4H), 3.58 – 3.41 (m, 
20H), 3.19 – 3.17 (m, 1H), 3.16 (s, 6H), 2.46 (s, 3H), 2.10 (s, 3H), 
1.99 – 1.88 (m, 1H), 1.45 – 1.30 (m, 2H), 1.28 – 1.18 (m, 2H), 
0.96 (s, 9H). 

1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-oxo-
1,6-dihydropyridin-3-yl)-N-(6-(((S)-1-((2S,4R)-4-hydroxy-
2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)car-
bamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
yl)amino)-6-oxohexyl)-1H-benzo[d]imidazole-5-carbox-
amide (9. 8) 

LCMS (Formic): Rt = 0.89 min, [M+2H]2+ 463.6, 100% purity. 
1H NMR (600 MHz, DMSO-d6) δ 8.97 (s, 1H), 8.43 (t, J = 5.5 Hz, 
1H), 8.36 (d, J = 7.7 Hz, 1H), 8.14 (s, 1H), 8.06 (d, J = 1.5 Hz, 1H), 
7.84 (d, J = 8.4 Hz, 1H), 7.78 (br d, J = 9.2 Hz, 1H), 7.74 (dd, J = 
8.8, 1.1 Hz, 1H), 7.68 (s, 1H), 7.43 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 
8.4 Hz, 2H), 5.11 (d, J = 3.3 Hz, 1H), 4.91 (br t, J = 7.3 Hz, 1H), 
4.88 – 4.83 (m, 1H), 4.51 (d, J = 9.5 Hz, 1H), 4.42 (t, J = 8.1 Hz, 
1H), 4.30 – 4.25 (m, 1H), 4.03 (t, J = 9.7 Hz, 2H), 3.77 (dd, J = 
10.3, 4.0 Hz, 2H), 3.64 – 3.56 (m, 2H), 3.54 (s, 3H), 3.30 – 3.23 
(m, 2H), 3.18 – 3.13 (m, 6H), 2.54 (s, 1H), 2.45 (s, 3H), 2.30 – 
2.22 (m, 1H), 2.18 – 2.10 (m, 1H), 2.09 (s, 3H), 2.03 – 1.96 (m, 
1H), 1.79 (ddd, J = 12.7, 8.3, 5.0 Hz, 1H), 1.58 – 1.45 (m, 4H), 
1.37 (d, J = 7.0 Hz, 2H), 1.34 – 1.27 (m, 2H), 0.94 – 0.89 (m, 9H). 

1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-oxo-
1,6-dihydropyridin-3-yl)-N-(16-(2-(((2S,4R)-1-((S)-2-(1-
fluorocyclopropane-1-carboxamido)-3,3-dimethylbuta-
noyl)-4-hydroxypyrrolidine-2-carboxamido)methyl)-5-
(4-methylthiazol-5-yl)phenoxy)hexadecyl)-1H-
benzo[d]imidazole-5-carboxamide (9.9)  

LCMS (Formic): Rt = 1.53 min, [M+2H]2+ 570.7, 100% purity. 
1H NMR (600 MHz, DMSO-d6) δ 8.97 (s, 1H), 8.47 (t, J = 6.2 Hz, 

1H), 8.42 (br t, J = 5.3 Hz, 1H), 8.14 (s, 1H), 8.06 (s, 1H), 7.84 (d, 
J = 8.4 Hz, 1H), 7.73 (br d, J = 8.8 Hz, 1H), 7.68 (s, 1H), 7.39 (d, J 
= 7.7 Hz, 1H), 7.28 (br d, J = 8.8 Hz, 1H), 6.99 (s, 1H), 6.94 (d, J = 
7.3 Hz, 1H), 5.17 (br d, J = 2.2 Hz, 1H), 4.90 – 4.82 (m, 1H), 4.59 
(d, J = 9.2 Hz, 1H), 4.51 (t, J = 7.9 Hz, 1H), 4.35 (br s, 1H), 4.28 
(br dd, J = 16.3, 5.7 Hz, 1H), 4.19 (dd, J = 16.1, 5.1 Hz, 1H), 4.07 
– 3.99 (m, 4H), 3.77 (dd, J = 10.1, 4.2 Hz, 2H), 3.65 (dd, J = 11.4, 
4.4 Hz, 1H), 3.60 (br d, J = 10.6 Hz, 1H), 3.54 (s, 3H), 3.27 (q, J = 
6.2 Hz, 2H), 3.18 – 3.14 (m, 6H), 2.45 (s, 3H), 2.12 – 2.05 (m, 
4H), 1.96 – 1.89 (m, 1H), 1.78 – 1.70 (m, 2H), 1.57 – 1.49 (m, 
2H), 1.47 – 1.40 (m, 2H), 1.40 – 1.21 (m, 26H), 0.95 (s, 9H) 

1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-oxo-
1,6-dihydropyridin-3-yl)-N-(2-(2-(2-(2-((2-(2,6-dioxopi-
peridin-3-yl)-1-oxoisoindolin-4-yl)amino)-2-oxoeth-
oxy)ethoxy)ethoxy)ethyl)-1H-benzo[d]imidazole-5-car-
boxamide (9.51)  

LCMS (Formic): Rt = 0.69 min, [M+H]+ 816.5, 92% purity. 1H 
NMR (600 MHz, DMSO-d6) δ 10.99 (br s, 1H), 9.69 (s, 1H), 8.51 
– 8.47 (m, 1H), 8.15 (s, 1H), 8.06 (s, 1H), 7.85 (br d, J = 8.4 Hz, 
1H), 7.73 (br t, J = 7.9 Hz, 2H), 7.67 (s, 1H), 7.55 (d, J = 8.4 Hz, 
1H), 7.52 – 7.48 (m, 1H), 5.13 (br dd, J = 13.6, 4.8 Hz, 1H), 4.88 
– 4.82 (m, 1H), 4.37 (q, J = 18.0 Hz, 2H), 4.16 – 4.11 (m, 2H), 
4.02 (br t, J = 9.9 Hz, 2H), 3.76 (br dd, J = 10.3, 4.0 Hz, 2H), 3.67 
(br d, J = 3.7 Hz, 2H), 3.62 (d, J = 3.7 Hz, 2H), 3.59 – 3.52 (m, 9H), 
3.43 (br d, J = 5.5 Hz, 2H), 3.17 (br d, J = 2.9 Hz, 1H), 3.15 (s, 6H), 
2.94 – 2.86 (m, 1H), 2.59 (br d, J = 16.9 Hz, 1H), 2.09 (s, 3H), 
2.03 – 1.97 (m, 1H) 

1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-oxo-
1,6-dihydropyridin-3-yl)-N-(8-((2-(2,6-dioxopiperidin-3-
yl)-1,3-dioxoisoindolin-4-yl)oxy)octyl)-1H-benzo[d]imid-
azole-5-carboxamide (9.55)  

LCMS (Formic): Rt = 0.99 min, [M+H]+ 769.5, 94% purity. 1H 
NMR (600 MHz, DMSO-d6) δ 11.08 (br s, 1H), 8.45 – 8.41 (m, 
1H), 8.14 (s, 1H), 8.06 (d, J = 1.6 Hz, 1H), 7.84 (d, J = 8.8 Hz, 1H), 
7.81 – 7.77 (m, 1H), 7.73 (dd, J = 8.4, 1.6 Hz, 1H), 7.67 (br s, 1H), 
7.50 (d, J = 8.4 Hz, 1H), 7.43 (d, J = 7.0 Hz, 1H), 5.07 (dd, J = 12.8, 
5.5 Hz, 1H), 4.90 – 4.81 (m, 1H), 4.19 (t, J = 6.2 Hz, 2H), 4.02 (t, 
J = 9.9 Hz, 2H), 3.77 (dd, J = 10.3, 4.4 Hz, 2H), 3.54 (s, 3H), 3.28 
(q, J = 6.4 Hz, 2H), 3.18 – 3.16 (m, 1H), 3.15 (s, 6H), 2.91 – 2.82 
(m, 1H), 2.61 – 2.55 (m, 1H), 2.09 (s, 3H), 2.05 – 1.99 (m, 1H), 
1.78 – 1.73 (m, 2H), 1.59 – 1.51 (m, 2H), 1.49 – 1.43 (m, 2H), 
1.34 (br s, 6H) 

1-(1,3-Dimethoxypropan-2-yl)-2-(1,5-dimethyl-6-oxo-
1,6-dihydropyridin-3-yl)-N-(10-((2-(2,6-dioxopiperidin-
3-yl)-1,3-dioxoisoindolin-4-yl)oxy)decyl)-1H-benzo[d]im-
idazole-5-carboxamide (9.56)  

LCMS (Formic): Rt = 1.09 min, [M+H]+ 797.6, 96% purity. 1H 
NMR (600 MHz, DMSO-d6) δ 11.10 (br s, 1H), 8.44 – 8.40 (m, 
1H), 8.14 (s, 1H), 8.06 (d, J = 2.2 Hz, 1H), 7.84 (d, J = 9.2 Hz, 1H), 
7.79 (t, J = 7.9 Hz, 1H), 7.73 (dd, J = 9.2, 1.1 Hz, 1H), 7.68 (br s, 
1H), 7.50 (d, J = 8.8 Hz, 1H), 7.43 (d, J = 7.3 Hz, 1H), 5.07 (dd, J = 
12.8, 5.5 Hz, 1H), 4.89 – 4.83 (m, 1H), 4.19 (br t, J = 6.2 Hz, 2H), 
4.02 (t, J = 9.9 Hz, 2H), 3.77 (dd, J = 10.6, 4.4 Hz, 2H), 3.54 (s, 
3H), 3.27 (q, J = 7.0 Hz, 2H), 3.18 – 3.14 (m, 7H), 2.92 – 2.83 (m, 
1H), 2.62 – 2.55 (m, 1H), 2.09 (s, 3H), 2.06 – 1.99 (m, 1H), 1.78 
– 1.71 (m, 2H), 1.57 – 1.51 (m, 2H), 1.48 – 1.42 (m, 2H), 1.34 – 
1.28 (m, 10H) 

(2S,4R)-N-(2-((1-(2-(1,5-Dimethyl-6-oxo-1,6-dihydro-
pyridin-3-yl)-5-morpholino-1H-benzo[d]imidazol-1-yl)-2-
oxo-6,9,12,15,18-pentaoxa-3-azaicosan-20-yl)oxy)-4-(4-
methylthiazol-5-yl)benzyl)-1-((S)-2-(1-
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fluorocyclopropane-1-carboxamido)-3,3-dimethylbuta-
noyl)-4-hydroxypyrrolidine-2-carboxamide (10.1)  

LCMS (Formic): Rt = 0.96 min, [M+2H]2+ 581.3, 100% purity. 
1H NMR (400 MHz, DMSO-d6) δ 8.97 (s, 1H), 8.53 (t, J = 5.4 Hz, 
1H), 8.46 (t, J = 5.9 Hz, 1H), 8.06 (d, J = 2.5 Hz, 1H), 7.68 (dd, J = 
2.5, 1.5 Hz, 1H), 7.40 (d, J = 7.9 Hz, 1H), 7.33 (d, J = 8.9 Hz, 1H), 
7.27 (dd, J = 9.4, 3.0 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 7.03 (d, J = 
1.5 Hz, 1H), 7.00 (dd, J = 8.9, 2.5 Hz, 1H), 6.96 (dd, J = 7.9, 1.5 
Hz, 1H), 5.15 (d, J = 3.4 Hz, 1H), 4.86 (s, 2H), 4.59 (d, J = 8.9 Hz, 
1H), 4.52 (t, J = 8.4 Hz, 1H), 4.38 – 4.33 (m, 1H), 4.29 (d, J = 5.9 
Hz, 1H), 4.22 (d, J = 5.4 Hz, 1H), 4.20 – 4.15 (m, 2H), 4.07 (q, J = 
4.9 Hz, 1H), 3.81 – 3.73 (m, 6H), 3.68 – 3.57 (m, 4H), 3.56 – 3.48 
(m, 16H), 3.43 (t, J = 5.9 Hz, 2H), 3.29 – 3.24 (m, 2H), 3.11 – 3.04 
(m, 4H), 2.47 – 2.43 (m, 3H), 2.12 – 2.06 (m, 4H), 1.92 (ddd, J = 
12.9, 8.5, 4.7 Hz, 1H), 1.42 – 1.30 (m, 2H), 1.22 (dd, J = 8.4, 3.4 
Hz, 2H), 0.96 (s, 9H) 

(2S,4R)-N-(2-((12-(2-(2-(1,5-Dimethyl-6-oxo-1,6-dihy-
dropyridin-3-yl)-5-morpholino-1H-benzo[d]imidazol-1-
yl)-N-methylacetamido)dodecyl)oxy)-4-(4-methylthiazol-
5-yl)benzyl)-4-hydroxy-1-((S)-3-methyl-2-(1-oxoisoin-
dolin-2-yl)butanoyl)pyrrolidine-2-carboxamide (10.14)  

LCMS (Formic): Rt = 1.31 min, [M+2H]2+ 556.3, 92% purity. 
1H NMR (400 MHz, DMSO-d6) δ 8.98 (s, 1H), 8.34 (t, J = 5.4 Hz, 
1H), 7.94 – 7.88 (m, 1H), 7.71 (d, J = 7.4 Hz, 1H), 7.61 (d, J = 3.4 
Hz, 2H), 7.59 – 7.55 (m, 1H), 7.51 – 7.47 (m, 1H), 7.36 – 7.27 (m, 
2H), 7.10 (d, J = 2.0 Hz, 1H), 7.02 – 6.94 (m, 3H), 5.23 – 5.14 (m, 
2H), 5.07 (br d, J = 2.0 Hz, 1H), 4.71 (d, J = 10.8 Hz, 1H), 4.58 – 
4.43 (m, 2H), 4.40 (d, J = 7.4 Hz, 1H), 4.36 – 4.18 (m, 3H), 4.04 
(t, J = 6.2 Hz, 2H), 3.80 – 3.74 (m, 5H), 3.68 (d, J = 10.3 Hz, 1H), 
3.50 (d, J = 1.5 Hz, 3H), 3.39 – 3.33 (m, 1H), 3.28 – 3.25 (m, 1H), 
3.08 – 3.05 (m, 5H), 2.82 (s, 1H), 2.47 (s, 3H), 2.38 – 2.27 (m, 
1H), 2.09 – 2.00 (m, 4H), 1.97 – 1.88 (m, 1H), 1.81 – 1.68 (m, 
2H), 1.54 (br s, 1H), 1.49 – 1.13 (m, 18H), 0.96 (d, J = 6.7 Hz, 
3H), 0.73 (d, J = 6.7 Hz, 3H). Note: rotamers observed. 

(2S,4R)-1-((S)-2-(16-(2-(2-(1,5-Dimethyl-6-oxo-1,6-di-
hydropyridin-3-yl)-5-morpholino-1H-benzo[d]imidazol-
1-yl)acetamido)hexadecanamido)-3,3-dimethylbuta-
noyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phe-
nyl)ethyl)pyrrolidine-2-carboxamide (10.30) 

LCMS (Formic): Rt = 1.31 min, [M+2H]2+ 532.4, 95% purity. 
1H NMR (400 MHz, DMSO-d6) δ 8.98 (s, 1H), 8.41 (t, J = 5.7 Hz, 
1H), 8.34 (d, J = 7.9 Hz, 1H), 8.10 (d, J = 2.0 Hz, 1H), 7.74 (d, J = 
9.4 Hz, 1H), 7.68 (dd, J = 2.5, 1.0 Hz, 1H), 7.45 – 7.41 (m, 2H), 
7.40 – 7.31 (m, 3H), 7.11 (d, J = 2.5 Hz, 1H), 6.99 (dd, J = 8.9, 2.0 
Hz, 1H), 5.08 (br s, 1H), 4.96 – 4.87 (m, 1H), 4.84 (s, 2H), 4.51 
(d, J = 9.4 Hz, 1H), 4.42 (t, J = 7.9 Hz, 1H), 4.28 (br s, 1H), 3.81 – 
3.73 (m, 4H), 3.61 (br d, J = 4.4 Hz, 2H), 3.51 (s, 3H), 3.12 – 3.04 
(m, 6H), 2.45 (s, 3H), 2.29 – 2.18 (m, 1H), 2.13 – 2.03 (m, 4H), 
1.99 (br dd, J = 7.6, 2.7 Hz, 1H), 1.80 (ddd, J = 12.9, 8.2, 4.9 Hz, 
1H), 1.52 – 1.42 (m, 2H), 1.41 – 1.34 (m, 5H), 1.23 (s, 22H), 0.93 
(s, 9H) 

2-(2-(1,5-Dimethyl-6-oxo-1,6-dihydropyridin-3-yl)-5-
morpholino-1H-benzo[d]imidazol-1-yl)-N-(12-((2-(2,6-di-
oxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)oxy)do-
decyl)acetamide (10.35) 

LCMS (Formic): Rt = 0.99 min, [M+H]+ 822.7, 88% purity. 1H 
NMR (400 MHz, DMSO-d6) δ 8.42 (t, J = 5.7 Hz, 1H), 8.10 (d, J = 
2.5 Hz, 1H), 7.82 – 7.76 (m, 1H), 7.68 (dd, J = 2.5, 1.5 Hz, 1H), 
7.53 – 7.47 (m, 1H), 7.46 – 7.41 (m, 1H), 7.33 (d, J = 8.9 Hz, 1H), 
7.11 (d, J = 2.0 Hz, 1H), 6.99 (dd, J = 8.9, 2.0 Hz, 1H), 5.07 (dd, J 
= 12.8, 5.4 Hz, 1H), 4.84 (s, 2H), 4.19 (t, J = 6.4 Hz, 2H), 3.83 – 

3.70 (m, 4H), 3.51 (s, 3H), 3.17 (br s, 2H), 3.13 – 3.05 (m, 5H), 
2.96 – 2.79 (m, 1H), 2.61 – 2.55 (m, 1H), 2.07 (s, 3H), 2.05 – 1.98 
(m, 1H), 1.79 – 1.70 (m, 2H), 1.47 – 1.23 (m, 18H). Note: one N-
H not observed. 

2-(2-(1,5-Dimethyl-6-oxo-1,6-dihydropyridin-3-yl)-5-
morpholino-1H-benzo[d]imidazol-1-yl)-N-(8-((2-(2,6-di-
oxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)oxy)octyl)ac-
etamide (10.55)  

LCMS (Formic): Rt = 0.80 min, [M+H]+ 766.7, 81% purity. 1H 
NMR (400 MHz, DMSO-d6) δ 11.02 (br s, 1H), 8.41 (t, J = 5.4 Hz, 
1H), 8.10 (d, J = 2.5 Hz, 1H), 7.83 – 7.73 (m, 1H), 7.69 – 7.67 (m, 
1H), 7.50 (d, J = 8.4 Hz, 1H), 7.46 – 7.41 (m, 1H), 7.33 (d, J = 8.9 
Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 7.00 (dd, J = 8.9, 2.5 Hz, 1H), 
5.07 (dd, J = 13.0, 5.7 Hz, 1H), 4.85 (s, 2H), 4.19 (t, J = 6.4 Hz, 
2H), 3.76 (dd, J = 5.8, 4.3 Hz, 4H), 3.51 (s, 3H), 3.17 (s, 1H), 3.13 
– 3.04 (m, 6H), 2.96 – 2.78 (m, 1H), 2.61 – 2.54 (m, 1H), 2.07 (s, 
3H), 2.06 – 1.98 (m, 1H), 1.82 – 1.63 (m, 2H), 1.50 – 1.36 (m, 
4H), 1.33 – 1.21 (m, 6H) 

2-(2-(1,5-Dimethyl-6-oxo-1,6-dihydropyridin-3-yl)-5-
morpholino-1H-benzo[d]imidazol-1-yl)-N-(10-((2-(2,6-di-
oxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)oxy)decyl)ac-
etamide (10.56)  

LCMS (Formic): Rt = 0.89 min, [M+H]+ 794.7, 87% purity. 1H 
NMR (400 MHz, DMSO-d6) δ 8.41 (t, J = 5.7 Hz, 1H), 8.10 (d, J = 
2.0 Hz, 1H), 7.80 (dd, J = 8.6, 7.1 Hz, 1H), 7.68 (dd, J = 2.5, 1.0 
Hz, 1H), 7.50 (d, J = 8.4 Hz, 1H), 7.43 (d, J = 6.9 Hz, 1H), 7.33 (d, 
J = 8.9 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 7.00 (dd, J = 8.9, 2.5 Hz, 
1H), 5.07 (dd, J = 12.8, 5.4 Hz, 1H), 4.84 (s, 2H), 4.19 (t, J = 6.4 
Hz, 2H), 3.79 – 3.74 (m, 4H), 3.51 (s, 3H), 3.17 (br s, 1H), 3.13 – 
3.04 (m, 7H), 2.92 – 2.81 (m, 1H), 2.61 – 2.52 (m, 2H), 2.07 (s, 
3H), 2.06 – 1.98 (m, 1H), 1.79 – 1.70 (m, 2H), 1.48 – 1.26 (m, 
12H). Note: one N-H not observed. 
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BRD4, bromodomain-containing protein 4; bRo5, beyond rule 
of 5; chromlogD, chromatographic logD; CTG, Cell-Titer Glo; 
COMU, (1-cyano-2-ethoxy-2-oxoethylidenaminooxy)dimethyl-
amino-morpholino-carbenium hexafluorophosphate; D2B, di-
rect-to-biology; DCM, dichloromethane; DIC, N,N′-diisopropyl-
carbodiimide; DIPEA, N,N-diisopropylethylamine; DMF, N,N’-
dimethylformamide; DMSO, dimethyl sulfoxide; EDC.HCl, 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride; 
FRET, fluorescence resonance energy transfer; HATU, hex-
afluorophosphate azabenzotriazole tetramethyl uronium ; 
HER2, human epidermal growth factor receptor 2; HTE, high-
throughput experimentation; NHS, N-hydroxysuccinimide; 
NMM, N-methyl morpholine; LCMS, liquid-chromatography 
mass-spectrometry; MDAP, mass-directed automated purifica-
tion; MoA, mode/mechanism of action; PDCP, phenyl dichloro-
phosphate; PEG, polyethylene glycol; POI, protein-of-interest; 
PROTAC, proteolysis targeting chimera; SAR, structure-activity 
relationships; SCX, strong cation exchange; TCFH, chloro-
N,N,N′,N′-tetramethylformamidinium hexafluorophosphate; 
TFA, trifluoroacetic acid; TSTU, O-(N-succinimidyl)-N,N,N′,N′-
tetramethyluronium tetrafluoroborate; VHL, Von Hippel-
Lindau. 
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